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Diesel-Electric Pullman Trains 
for British Railways 


By R. LEDGER, B.Sc.(Tech.), A.M.I.E.E., A.M.I.Loco. E., 
and J. C. TURRALL, a.M.1.£.£., Traction Division. 


S part of the British Railways modernization plan, 
the British Transport Commission has taken 
steps to improve the comfort of passenger travel 

and to introduce train schedules based on the sustained 
speed and consistent performance which modern 
motive power can provide. One step in this direction 
was the placing of orders for five diesel-powered Pull- 
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Three of the new trains are for the Western Region 
to operate services between London and Wolverhamp- 
ton and London and Bristol. These journeys will be 
covered in 2 h 25 min and | h 55 min at average speeds 
of 51-0 mile/h and 61-8 mile/h including stops at 
Leamington and Birmingham on the Wolverhampton 
service and at Bath on the Bristol service. These will 
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Fig. |.—Diesel-powered Pullman train for Western Region. 


man trains designed for a maximum speed of 90 
mile/h for service in the London Midland and Western 
Regions. For this project the G.E.C. has supplied ten 
main power equipments comprising diesel engines, 
generators, traction motors with spring drives, and 
control gear for installation in Pullman rolling stock 
designed and built by the Metropolitan-Cammell 
Carriage & Wagon Co. Ltd. The diesel engines, cool- 
ing groups and engine accessories were supplied by the 
North British Locomotive Company Limited, Glasgow, 
as sub-contractors to the G.E.C. 


be eight-coach trains with both first and second class 
accommodation. 

The other two trains operate on the London 
Midland Region between London (St. Pancras), and 
Manchester over the main line of the former Midland 
Railway via Derby, and also between London and 
Leicester on the same route. These are six-car 
trains with first class accommodation only and 
cover the 189} miles from Manchester to London, 
including the steep grades through the Peak District, 
in 3 h 13 min compared with the next best timing 
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by this route of 3 h 50 min. This is, by a narrow 
margin, the fastest time which has ever been scheduled 
between the two cities by any route, and thus pro- 
vides an attractive alternative to the main route from 
Euston which is at present subject to severe speed 
restrictions due to the electrification work in progress. 
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the section illustrated against a calculated full-power 
time of 36} min. 

Tests taken during trial running show close agree- 
ment with the calculated train performance except that 
the tractive resistance at high speeds is appreciably 
lower than the figures used in the calculations, which 
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Fig. 2.—Calculated speed-distance curve, Cheadle Heath to Matlock. 


Fig. 2 shows the train performance over the gradients 
of the Peak calculated on the train performance com- 
puter installed in the G.E.C. Traction Division. These 
calculations assume full-power running except where 
permanent speed restrictions do not permit this, the 
working timetable for the run being obtained by 
adding an allowance, known as make-up time, to take 
account of day-to-day variations in train working. 
The working timetable therefore allows 39} min for 


were those for standard locomotive-hauled stock. This 
discrepancy is probably caused by the smooth exterior 
of the new trains with their streamlined ends, and has 
the advantage that a somewhat better train perform- 
ance is obtained at high speeds than was expected. 
Each train can be considered as two similar halves 
consisting of a power car, one or two parlour cars and 
a kitchen car, coupled back-to-back with the power 
cars at the outer ends. Particular attention has been 
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Fig. 3.—Iinterior of parlour car. 


paid to passenger comfort and the passenger compart- 
ments (fig. 3), are fully air-conditioned. A public 
address system operates throughout the train, the 
microphone being in the guard’s compartment. 

The power cars have a driving cab at the outer end, 
the traction equipment in both cars being controlled 
simultaneously from the leading cab. Two traction 
motors are mounted on the inner bogie of the power 
car and two on the adjacent bogie of the next vehicle, 
making eight motors per train of six or eight vehicles. 
This arrangement was adopted to give more even 
weight distribution as the leading bogie of the power 
car carries the weight of the engine-generator set. 


POWER CAR LAYOUT. 

Immediately behind the driver’s cab is the radiator 
unit through which a central passageway (fig. 5), gives 
access from the cab to the engine room. The cooling 
elements for the engine water and lubricating oi! are 
mounted in the air ducts at the side of the passageway 
with the header tanks above them. Mounted centrally 
in the top of the unit is a 45 in. diameter fan which 
draws air into the ducts through inlets in the coach 
sides and exhausts it through the roof. The inlets are 
provided with hydraulically-operated shutters. 

The fan is operated by a hydrostatic drive consisting 
of a hydraulic motor fed with high-pressure oil from 
an engine-driven pump viaa thermostatically controlled 
by-pass valve. On starting from cold the by-pass 
diverts the oil from the fan motor and the shutter 
operating mechanism so that the fan remains stationary 
and the shutters closed. As the engine warms up the 
action of the thermostat first causes the shutters to open 
and then controls the fan speed so that the optimum 
engine temperature is maintained. 


Adjacent to the radiator 
unit is the engine-generator 
set (fig. 9), consisting of a 
N.B.L. / M.A.N.  twelve- 
cylinder vee engine, Type 
L 12 V 18/21 BS, direct- 
coupled to a G.E.C. main 
generator with overhung 
auxiliary generator, the whole 
set being mounted on anti- 
vibration mountings. The 
engine and generator com- 
partments are separated by 
a bulkhead on which is 
mounted the servo-regulator 
which controls the generator 
excitation in response to 
signals from the engine 
governor. 

The main traction control 
apparatus is mounted in a 
cubicle standing against the 
end wall of the generator 
compartment, fig. 6. Trac- 
tion motor field-divert resis- 
tors are mounted on top 
of the cubicle and the genera- 
tor field resistors are carried from the roof of the 
compartment. The value of the divert-resistors 
associated with the two motors on the adjacent car is 








Fig. 4.—Interior of driver’s cab. 
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seven copper-lead steel-backed bearings, 
similar bearings also being used for the 
connecting rod big-ends. Engine fuel is 
pumped from a main supply tank to the 
service tank by a belt-driven pump of 90 gal /h 
capacity. A hand-operated pump is provided 
for emergency use. The lubrication system is 
pressure-primed by a motor-driven pump and 
has an engine-driven main pump. The 
engine is controlled by an Ardleigh governor. 


GENERATORS. 

The main generator is a six-pole machine 
mounted on an extension of the engine bed- 
plate. The armature is solidly coupled to the 
engine crankshaft and is fitted with a single 
self-aligning parallel roller bearing at the 
outer end. The auxiliary generator is over- 
hung from the end of the main generator, and 
its armature is mounted on a tapered extension 
of the main generator shaft. 

A fan on the engine end of the main 
generator draws cooling air into the generator 
compartment through filters in the coach 
sides. After passing through the main and 
auxiliary generators the air is discharged into 
the engine room and escapes through outlets 
in the roof. Recirculation of warm air into 
the generator compartment is prevented by 

Fig. 5.—Diesel engine as seen from driver’s cab. 


adjusted to take account of the voltage 

drop in the connecting cables. The ~ 
auxiliary control equipment is con- 

tained in a smaller cubicle adjacent to 

the main cubicle. 

A door gives access from the 
generator compartment to a guard’s 
and luggage compartment, beyond 
which is a compartment seating 18 
passengers. Thus the use of a high- 
speed diesel engine results in a com- 
pact power unit and enables a useful 
proportion of the power-car length to 
be devoted to pay load (fig. 8). 


DIESEL ENGINE. 

The N.B.L./M.A.N. diesel engine, 
with twelve cylinders of 180 mm bore 
by 210 mm stroke, is fitted with an 
exhaust gas turbo-blower giving a 
boost pressure of 10-4 Ib/in® and has a 
12-hour rating of 1000 h.p. at 1500 
rev/min. Two fuel injection pumps 
mounted in the vee formed by the 
cylinder blocks are geared to the cam- 
shaft, which is driven by spur timing 
gears at the flywheel end. Cylinder 
heads are of the precombustion pattern 
and are each fitted with two inlet and 
two exhaust valves. The hardened 
alloy-steel crankshaft is carried in Fig. 6.—Main and auxiliary control cubicles. 
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Fig. 7.—Simplified diagram of contro! circuits. 
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the bulkhead. The main generator armature has a 
duplex lap winding, which is considered to give the 
best commutating conditions for this particular applica- 
tion because it results in moderate values of both 
reactance voltage and voltage between commutator 
segments. The field windings follow well-established 
diesel-electric traction practice, consisting of separately 
excited and self-excited fields with a small number of 
series decompounding turns. Additional short-rated 
series turns are in circuit when the generator is 


distinct from axle-hung machines where a proportion 
of the motor weight is carried directly on the axle and 
the motor is free to move relative to the bogie. 

Because springborne motors are mounted solidly on 
the bogie it is necessary to use some form of flexible 
drive to take account of the relative movement be- 
tween the motor and axle caused by the action of the 
suspension springs. The type used in this case is the 
Brown-Boveri spring drive, in which a short tube 
carrying a gearwheel on roller bearings is bolted to the 


Fig. §.—1000 h.p. engine-generator set. 


motored to start the engine. The continuous rating of 
the machine is as follows: 

1700 A, 383 V, 1500 rev/min, 650 kW. 

The auxiliary generator has a continuous rating of 
91 A, 110 V, 10 kW, at 650/1500 rev/min, and supplies 
current for the separate excitation of the main genera- 
tor, battery charging, cab heating, compressor motor, 
control circuits and the driver’s cooker. The voltage of 
the auxiliary generator is controlled by an automatic 
regulator of the carbon-pile type. 

A 400 V, 3-phase, 50 c/s supply for lighting, heating 
and air conditioning is provided by 120 kW under- 
frame-mounted alternators driven at 1500 rev/min 
by Rolls Royce diesel engines. This equipment was 
supplied by Messrs. J. Stone Ltd., two sets being 
installed on each train, only one of which is normally 
used at any one time. 


TRACTION MOTORS AND DRIVES. 
These trains are the first diesel units on British 
Railways to have fully springborne traction motors, as 


motor, the pinion of which engages the gear. The 
driving axle passes through the tube, sufficient clear- 
ance being allowed to cater for the deflection of the 
suspension springs. Pressed onto the axle is a spider 
with arms extending into openings in the gearwheel, 
the drive being transmitted to the axle through coil 
springs mounted between the gearwheel spokes and 
the spider arms. The gear ratio of the drive is 19/67. 
Fig. 10 shows a traction motor and fig. 11 the bogie 
complete with motors and drives. 

The traction motors are four-pole, self-ventilated 
machines having a continuous rating of 425 A, 383 V, 
199 h.p. at 1360 rev/min. The operating conditions of 
these machines, namely, driving relatively light trains 
at high speeds, are such that they can be rated at a 
speed much nearer to their maximum than motors 
designed for a diesel-electric locomotive, which must 
be suitable for a wide range of duties. Consequently 
they are much lighter than the latter type of machine; 
for instance the Pullman motors, continuously rated at 
53-5°,, of their maximum speed, weigh 1-6 tons each 
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excluding drives, whereas the motors of British Rail- 
ways type 2 diesel-electric locomotives powered by the 
same diesel engine which, to meet the requirements of 
freight working, are continuously rated at 12°, of 
their maximum speed, weigh 2-5 tons each. 





Fig. 10.—199 h.p. traction motor. 


CONTROL SCHEME AND APPARATUS. 

The traction motors are connected in parallel across 
the output of the main generator with overload relays 
and isolating contactors in each motor circuit. Reversal 
of direction of motion is achieved by changing the 
direction of current in the motor 
fields. The engine is started by 
motoring the generator from the 
battery under the control of two 
electromagnetic contactors. The power 
and auxiliary circuits are shown in 
fig. 7. 

Basically the method of control 
consists of selecting an engine output 
and speed sufficient to maintain the 
desired train speed. Eight different 
engine speeds can be obtained between 
idling and the full speed of 1500 rev, 
min, and transmission of the corre- 
sponding engine outputs to the traction 
motors is obtained by the action of a 
governor-controlled generator field 
regulator, supplemented in the appro- 
priate conditions by one step of motor 
field diversion. By these means the 
constant power at constant speed of 
the diesel engine is converted to con- 
stant power at variable train speed, the generator 
delivering high current and low voltage at low train 
speed, and high voltage low current at high train speed. 

There are ten operating steps on the master con- 
troller. The first two are low-power steps with the 
engine at idling speed, and are used only when starting 
from rest. On both these steps the automatic regulator 
is held in the minimum excitation position and on the 
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first step further resistance external to the regulator is 
inserted in the generator field. On step 3 the auto- 
matic regulator is made operative with the engine still 
at idling speed, and on subsequent steps the engine 
speed and output are progressively increased. Fig. 12 
shows the speed /tractive effort characteristics obtained 
and also the engine speed and power on each 
step. The difference between engine output 
and main generator input is the auxiliary load, 
including the power input to the radiator fan. 

Engine speed control is effected by the action 
on the governor of three solenoids which are 
energized in various combinations by the 
master-controller contacts. This method gives 
simultaneous control of both engines, which in 
this case is an advantage over a pneumatic 
speed control system in view of the lag between 
the two equipments which would result from 
the length of air pipe down the train. 

As on the main line diesel-electric locomo- 
tives with G.E.C. power equipments*, the auto- 
matic load regulator consists of an oil-operated 
vane motor which drives carbon brushes round 
a stationary commutator, the segments of which 
are connected to resistors in the main-generator 
field circuit. The oil supply to the vane motor 
is controlled by the engine governor in such a 

way that the generator excitation is maintained at the 
value which causes the machine to absorb the selected 
engine output. When full generator excitation is 
reached field weakening of the traction motors is 
initiated by the operation of a transition relay in the 





Fig. |!.—Power-car bogie. 


generator field circuit. This causes the load regulator 
to reduce the excitation, and the weak-field contactors 
operate to complete the transition from full to weak 
field when the generator field current has fallen to the 
appropriate value. Full field is restored automatically 
by the operation of a relay in the motor circuit if the 
motor current appreciably exceeds the continuous 
rating. 


* G.E.C. Journal, Vol. 25, No. 4, p. 206, October, 1958. 
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During the initial acceleration of the train, a current- 
limit relay arrests the increase of generator excitation 
by the servo-regulator if the motor current exceeds a 
predetermined limit, and so prevents the tractive 
effort exceeding a value which would cause excessive 
wheel slip. 

In addition to the handle controlling engine speed 
the master-controller has a selector handle with 
‘ forward ’ ‘ engine start ’ ‘ off’ and ‘ reverse ’ positions 
and the usual interlocking features are provided 
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in either power car, the fault being localized by 
inspection of the local alarm lights in each generator 
compartment. 

Other instruments provided at the driver’s position 
are the ammeter, speedometer and brake gauges. The 
Westinghouse electro-pneumatic braking system is 
employed ; this incorporates a speed-sensitive relay to 
increase the brake cylinder pressure at speeds over 
37 mile/h to counteract the reduction in friction 
between wheels and brake shoes at higher speeds. 
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between the two handles. All power contacts except 
the engine starting contactors are electro-pneumatic- 
ally operated; cam groups are used for the reversers and 
individual contactors for the other contacts. A master 
motor-cutout switch with cam-operated contacts in the 
motor-contactor control circuits enables the traction 
motors to be isolated singly or together. 

Warning lamps in the generator compartments 
brighten to indicate low water level, low oil pressure, 
high water temperature, overload or earth fault. The 
engine is automatically stopped if either of the two 
first-named faults occurs and slowed to idling in the 
case of the last three. Operation of the earth-fault 
relay also removes the excitation from the main 
generator. 

Indicator lamps on the driver’s instrument panel 
brighten to show in the one case ‘ engine stopped ’ and 
in the other ‘ general alarm’. These indicate trouble 


A ‘ dead man’s ’ pedal is fitted in each cab to protect 
against illness or other incapacity of the driver. 

The 36-line control cable running throughout each 
train is conveyed between coaches by jumpers and 
receptacles with butt contacts. This type has advan- 
tages over the more usual plug and socket couplers and 
is being supplied by the G.E.C. in large quantities to 
British Railways for various types of electric multiple- 
unit stock and diesel-hydraulic locomotives. 


CONCLUSION. 

The entry into service of these trains has set a new 
standard of passenger comfort on British Railways, and 
their traction equipment has been designed to set 
equally high standards of speed and reliability on the 
important routes which they serve, involving, in the 
case of the London Midland Region trains, a daily 
run of over 575 miles. 
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Temper Mill Drive at Port Kembla 


By F. COLLINS, Plant Co-ordination Division, Engineering Group. 


INTRODUCTION. 

HOUGH iron has been produced in Australia for 
more than a century, large-scale industrial 
development did not begin until 1915, when the 

first steelworks was opened at Newcastle in New South 
Wales. Australia’s annual steel-making capacity at 
that time was some 200000 tons and the rapid 
growth of industry in the intervening years is reflected 


operated, one at Newcastle by the parent company 
and the other at Port Kembla by the principal sub- 
sidiary, Australian Iron and Steel Pty. Ltd. 

The Port Kembla Steelworks (fig. 1) has an ingot 
capacity of 2 200 000 tons per year and is among the 
largest steel plants in the British Commonwealth. Its 
production facilities include four blast furnaces, eleven 
basic open-hearth furnaces and a Heroult type electric 





Fig. |.—Aerial view of the Port Kembla steelworks of Australian 
lron and Steel Pty. Ltd. 


in the current annual production capacity of over 
3 500 000 tons of steel. The organization responsible 
for the production of steel in Australia is The Broken 
Hill Proprietary Co. Ltd. and its subsidiaries— 
collectively known as the B.H.P. Group. It comprises 
an industrial family of sixteen companies engaged 
primarily in the manufacture of iron and steel, but 
also making a variety of products ranging from ships 
to small nails. Two integrated steelworks are 


furnace, together with rolling mills for producing 
blooms, slabs, coiled strip, steel plates, billets, rails, 
bars and rods. These facilities have been extended by 
the addition of a tinplate plant which initially had a 
production capacity of 70 000 tons of hot-dip tinplate 
per year, and which, with the installation of a further 
tinpot, will have an annual output of 118 000 tons, 
sufficient to meet the full Australian requirement of 
hot-dipped tinplate. 
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At Port Kembla, steel for the production of tinplate 
is produced by the open-hearth process, and the 
ingots are rolled into slabs weighing approximately 
eight tons. 

After removal of any surface defects, the slabs are 
heated to rolling temperature and are reduced in a hot- 
strip mill to a coil of some 0-080 in. thick. The coil is 
then pickled to remove surface scale and at this stage 


by a high degree of automatic and electrical control. 

In particular, the control system for the two-stand 
temper mill is of special interest as the mill is used to 
apply precisely controlled tension and pressure to the 
steel strip both at speeds of up to 4000 ft/min and 
during the periods of acceleration and deceleration. 
The electrical plant and control gear for this mill was 
supplied by the G.E.C. and a closed-loop system of 





Fig. 2.—Two-stand temper mill at the Port Kembla Steelworks. 


two or more coils are permanently joined to increase 
the weight and length. The strip then passes to a 
4-stand tandem cold reduction mill, where it is reduced 
to approximately 0-010 in. in thickness. Each coil 
when it leaves the cold reducing mill weighs up to 
36 000 Ib and contains about six miles of strip up to 
40 in. in width. (The pickling and cold-reduction 
processes are currently carried out at the Springhill 
Road Works of John Lysaght (Aust.) Pty. Ltd.). 
After electrolytic cleaning and batch annealing the 
coils pass to a two-stand temper mill (fig. 2) where a 
light reduction of 1-2°, is effected to restore temper 
and produce the required degree of surface hardness, 
finish and flatness. The coils of tempered rolled 
strip are then delivered to a shear line and are cut into 
sheets of commercial size prior to tinning in fully 
mechanized hot-dip tinning lines. 

The total capacity of the electric motors incorporated 
in the drive, conveyor and delivery system of the tin- 
plate plant is 16 000 h.p. and the success of a highly 
mechanized production unit of this type owes much to 
the development of modern electrical controls. Since the 
material is in the form of continuous strip for almost 
all of the production sequence, the regulating and 
matching of the different parts of the processing require 
considerable precision and all operations are marked 


control based on the G.E.C. control exciter is used to 
provide the high sensitivity and rapid response de- 
manded for this duty. 

The design of the temper mill drive at Port Kembla 
is based on those at the Trostre and Velindre Works of 
The Steel Company of Wales, which have previously 
been described.* 

Improvements incorporated in the new mill include 
the use of twin-armature stand motors of increased 
power and voltage rating and reduced inertia, together 
with modifications to the interstand tension control 
system to ensure that the settings of the hand and 
automatic controls remain approximately in step at 
all times. 

The mill, which is illustrated in fig. 3, comprises 
an uncoiler, a pair of entry tension rolls, two main 
stands, delivery tension rolls and a coiler ; the ratings 
of the driving motors for the various sections are 
shown in Table 1. 

The d.c. supply for the main stands is obtained from 
a motor-generator set (fig. 4) comprising a 2300 h.p., 
11 kV, 750 rev min synchronous motor, direct- 
coupled to a 600 volt generator rated at 1500 kW. Two 
generators rated at 257 kW are also coupled to the 





* G.E.C. Fournal, Vol. 20, No. 3, July, 1953 
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same driving motor to provide power for the coiler 
and uncoiler drives. The auxiliary machines associated 
with the temper mill drive comprise a seven-machine 
booster set driven by a 250 h.p. motor, a five-machine 
main exciter set driven by a 90 h.p. motor, and four 
small exciter sets for the entry and delivery sections 
and coiler drives. 


TABLE 1. 
: No. of Horse- 
Drive | Motors power Volts Speed 








Main Stands 1 | 2 (twin- 
and 2 armature) 1250 600 0 1100 
Top _ tension 
rolls, entry 

850, 1100 




















and delivery 2 500 600 

Bottom tension 

rolls, entry 

and delivery 2 250 600 850 1100 

Uncoiler l 300 500 185, 835 
| Coiler 1 | 300 | 500 | 185) 835 


CONTROL SYSTEM. 

The control has been designed to accelerate and 
decelerate the two pairs of stand motors, while main- 
taining as nearly as possible the preset speed-ratio 
independent of their loading, so that the preset tension 
is maintained throughout. This is accomplished by 
making the speed-load curve of the stand motors as 
flat as possible by means of IR compensated boosters 
in series with stand motors. Fine speed control of 
stand | relative to stand 2 is obtained by a hand- 
operated current-regulator or by an automatic regu- 





Fig. 4.—2300 h.p. main M.G. set. 
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lating tensiometer acting on the fields of a booster in 
series with stand 1. Stand 2 is used as master and sets 
the speed for the entire mill. 

Each pair of tension rolls is controlled so that tension 
between them and the adjacent stands is maintained at 
the preset value throughout acceleration and retarda- 
tion periods. A tension-ratio regulator is provided, so 
that the total load on any pair of tension rolls can be 
shared between top and bottom rolls in any desired 
ratio from 2 : 1 to 1} : 1 throughout the preset tension 
range. Constant current in the tension-roll driving 
motors is maintained by a booster connected in series, 
the booster being excited by a current-controlled 
exciter. 

The coiler and uncoiler are controlled so as to main- 
tain constant tension during acceleration, retardation 
and steady running conditions. A control exciter 
acting on the field of the coiler motor provides for 
build-up by maintaining the motor e.m.f. proportional 
to the strip speed. A control exciter acting on the field 
of the coiler generator provides constant preset 
current under steady running conditions. 

The mill is arranged to accelerate in 12 to 20 
seconds and to stop in 5 to 10 seconds. These periods 
are controlled and can be doubled, if required, for 
strip inspection during acceleration. Regenerative 
braking is normally employed to stop the mill, but a 
single step of dynamic braking for each motor is pro- 
vided to meet emergency conditions. The main 
generator is protected by a high-speed circuit breaker, 
and supplies busbars which are common to all motors 
except the coilers. 


MAIN GENERATOR VOLTAGE CONTROL. 

The circuit used to control the voltage of the main 
generator is shown in fig. 5. The field is excited from a 
control exciter ME11 ; the exciter has five fields, of 
which B and C are stability fields. 
The running speed, i.e., voltage, is set 
by the excitation of field A. The 
inching speed and direction is set by 
the excitation of field D, which also 
serves as a forcing field during 
acceleration and retardation. In each 
case the main generator is excited 
until the voltage across field E causes 
the flux derived from the excitation of 
field E to nearly cancel that caused by 
fields A and D. The generator 
voltage will thus closely follow the 
voltage impressed on fields A or D. 
During acceleration or retardation a 
voltage proportional to the rate-of- 
change is impressed on field D; D 
assists A during acceleration and 
opposes during retardation. This 
prevents an overshoot of voltage when 
the regulators stop due to the time 
constants of the generator field. 

Both regulators are Ward Leonard 
controlled from a common regulator- 
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SIGNAL FROM 
UNCOILER ARMATURE 


boost the fields of the heavily- 
loaded machine and buck 
those of the more lightly- 
loaded machine, this process 
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continuing untl both 
machines share the load. 














STAND 2 MOTOR CONTROL. 

G3 Since both strip speed and 
tension must be controlled, 
the speed can only be fixed at 

~) one point. Stand 2 is re- 
garded as the reference stand, 








its motors being controlled by 
an IR compensating booster 
so that they follow the main 








eeennes generator voltage closely at 
all times. 
C.V._BARS The booster B5 is excited 














Fig. 5.—Main-generator voltage control circuit. 


generator RG, the voltage and direction being selected 
by the various selection contactors. The regulator 
generator has two fields; the normal control field A is 
energized from the C.V. bars via the setting regulators, 
and the retardation-rate safety field B opposes the 
normal field. 


INTERSTAND TENSION CONTROL. 

As shown in fig. 7, each stand is driven by two 
double-armature machines, and each pair of machines 
has a series booster in the common armature circuit. 
Each machine field is wound in two halves which are 
cross-connected. The two pairs of half-fields in series 
are connected in parallel, the whole field network 
being controlled by a common field regulator. A load- 
balance exciter is connected 
across the mid-point of the 
two halves in series so as to 
force each machine of the 
pair to share the load. The 
load-balance exciter has one 
field connected across the 
compoles of the two 
machines. When the 
machines are sharing the load 
the voltage drops across each 
compole will be equal and no 
current will flow in the field 
of the load-balance exciter. 
Should one machine take up 
more than its share of the 
load, its current will rise and 
the voltage across its compole 
will rise. Current will now 
flow in the field of the load- 
balance exciter in a direction 
away from the more heavily 
loaded machine. This field 
will be excited in a sense to 


from a two-field control ex- 
citer ME6. Field A is con- 
nected via the IR compensat- 
ing setter across the compoles of the stand motors, and 
is thus excited in proportion to the stand current. 
Field A excites the booster B5 so that it boosts the 
busbar voltage. Field B opposes A and is connected 
across the booster. The booster voltage will rise 
to a value such that B nearly equals A. The booster 
voltage, i.e., IR compensation, thus depends on 
the value of field A. 


STAND 1 MOTOR CONTROL. 

To maintain the desired tension, the load on the 
motors of stand | relative to the load on stand 2 is con- 
trolled by means of the booster B4 which is excited 
from the main exciter ME5. 

Hand and automatic systems of tension control are 





Fig. 6.—Rear view of temper mill showing main and auxiliary 
driving motors. 
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Fig. 7.—Control circuit for main stand drives. 


provided, and it is possible to switch from one to the 
other without breaking the strip or throwing a loop. 
The hand and automatic tension setters are 
together to maintain an approximately 


relationship. 


The interstand tension depends not only 


currents taken by the stand 
motors, but also on the rolling 
loads on the two stands, and 
the loads on the tension rolls 
and the coiler motors. 
Approximately correct speed 
relationship between stands | 
and 2 is set by field regulators 
controlling the main fields of 
each pair of stand motors. 


HAND CONTROL. 

The setting of the hand 
tension-regulator controls the 
difference in the motoring 
currents of stands | and 2. 
If set for the correct tension 
at thread speed and the rol- 
ling loads are equal, a certain 
difference in currents will 
produce the necessary ten- 
sion. At higher speeds the 
rolling loads will vary to- 
gether so the difference in 
currents to produce the same 
tension will be the same. 
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The desired effect is pro- 
duced by pilot exciter PE5A, 
which has five fields of which 
A, D and E are control 
windings and B and C are 
stability windings. Field A 
is the tension setting field 
and is excited from a con- 
stant-voltage transformer and 
rectifier set via the hand 
tension setter. 

Field D is the current 
balance field and is connected 
between the mid-points of the 
compoles of the two twin- 
armature stand motors, and 
is excited according to the 
difference in currents be- 
tween the two stands. 

Field E is connected in 
series with all the entry and 
delivery tension-setting fields 
and is thus excited according 
to the total tension on either 
side of stands 1 and 2. Thus 
the tension at the front and 
back of the mill, which 
affects the tension between 
stands 1 and 2, is caused to 
modify the tension setting be- 


tween the stands by action of field E. 
As field D is excited from the difference between 


ganged the two stand-currents, if stand 2 is more heavily 
correct loaded than stand 1, PE5A, ME5 and B4 are excited in 
a sense to boost the main busbars to speed up the 


on the stand | motors. 





Fig. 8.—Flatback switchboard in basement of temper mill. 
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Field A opposes field D and its effect is to cause the 
booster to buck the main busbars. 

On automatic tension control, the signal from the 
tensiometer is fed through a saturable reactor to an 
electronic amplifier, and the output from the amplifier 
is used to energize the fields of pilot exciter PE5B. 
Under normal running conditions signals are received 
in the amplifier which are proportional to the strip 


UNCOILER CONTROL. 

The uncoiler motor is controlled from its own 
generator on the Ward Leonard principle. The un- 
coiler generator is controlled to maintain constant 
tension; at the same time the uncoiler motor field is 
controlled to maintain its back-e.m.f. proportional to 
the mill speed. While these two conditions are con- 
trolled at the same time it is convenient to consider 
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Fig. 9.—Control circuit for uncoiler motor. 


tension. These signals pass through a summation net- 
work and the resultant is compared with a preset 
reference from the automatic tension setter. Thus the 
control signal passed to the main amplifier includes 
components proportional to the desired tension and to 
any existing error. The error component is further 
modified by signal proportional to the rate-of-change 
of armature current. 


The amplifier output feeds the fields of PE5B, 
whose voltage reflects the strip tension; PE5B is 
excited in the correct sense to ensure that the output 
voltage of ME5 and B4 will rise or fall until the load 
taken by stand 1 motor is such that the required strip 
tension is maintained. Any change in strip tension 
causes an error signal in the amplifier and the sense of 
this error will raise or lower the voltage to maintain the 
set tension. This tension is independent of any external 
errors due to acceleration or changes in rolling loads. 


them separately. A simplified diagram of the control 
circuit is show in fig. 9. 


CURRENT CONTROL. 

The uncoiler generator has two fields, the main 
control field A and a small field B which acts as a 
search coil. Voltage is induced in field B proportional 
to the rate-of-change of current in field A. Field A is 
excited from the main generator exciter ME2, which 
has six fields whose functions are as follows : 

Field A is fed from the master regulator and is thus 
excited proportionally to the main generator voltage. 
Mill-speed field D is an inching voltage field and is 
excited from the CV bars via the direction contactors 
and setting resistor. 

Field F is the current-control field and is excited 
from the current-control pilot exciter PE2. Field E is 
the voltage reset field which opposes field A or D, and 
fields B and C are stability windings. 
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The exciter ME2 maintains a voltage tie between 
the uncoiler generator and the main mill generator 
with an overall current control from PE2. The un- 
coiler generator will be excited until field E nearly 
opposes field A, the difference in excitation being 
sufficient to maintain the uncoiler generator voltage, 
which thus closely follows the mill generator voltage 
at all times. 

Under normal running conditions E and A 
are almost balanced and the control is from the 
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i.e., strip speed. BUG2 likewise has two fields ; field A 
is connected across the armature of the uncoiler motor, 
and field B is connected across the compoles of the 
motor, and is thus excited in proportion to the motor 
I.R. drop. Since the uncoiler motor normally acts as a 
generator, field B assists field A, and thus the voltage of 
BUG2 reflects the back-e.m.f. of the uncoiler motor. 
The control of the coiler follows the same principles as 





current-control field F, which is fed from 


C.V. BARS 





exciter PE2. Field A of PE2 is excited from the 
CV bars via the tension setting regulator, and 
field D is excited in proportion to the main loop 
current by the voltage across the uncoiler motor 
compole windings. Winding D opposes wind- 
ing A, while field B in series with the armature 
of PE2 acts in the same sense as field A as a 
series self-exciting winding. Field C is excited 
by the induced voltage from field B of the main 
generator, and acts to oppose A. The voltage 
induced in field B is proportional to the rate of 
rise of current in generator field A; thus field C 
acts as a direct negative feedback proportional 
to the rate of rise of output current of ME2. 
Field E is the acceleration compensating field 
and is excited from the voltage of the master 
regulator. 

The accelerating torque is transmitted 
through the strip and hence the tension would 
be increased if compensation were not pro- 
vided; thus, on accelerating, field E acts to 
oppose field A. The compensation lowers the 
tension current, and on heavy coils may even 
reverse it to cause the uncoiler motor to take a 
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pay-off reel and coil. 








MoTorR FIELD BUILD-UP CONTROL. 
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The function of the motor field build-up 
control is to maintain the back-e.m.f. of the 
motor at a constant value for any given strip 
speed. The uncoiler motor has two fields; field 
A is excited from the CV bars and is set to give a speed 
slightly above empty-reel speed so as to retain some 
measure of control by field B right down to empty-reel 
conditions. Field B is excited from the mill field 
exciter ME1 and always acts to assist field A. A 
rectifier in series with field B prevents this field from 
opposing field A should ME1 ever become reversed. 
Exciter ME1 has two fields ; field B is excited from the 
CV bars via a setting resistor, and field A is excited 
from exciter PE1, and opposes field B, thus weakening 
the uncoiler motor field. Field A of PE1 is excited 
from the difference in voltage between two build-up 
exciters BUG1 and BUG2. 

Field A of BUG1 is connected across the armature 
of one of No. 2 stand motors, and field B is connected 
across the compole windings of the stand motor. 
Field B is excited in proportion to the I.R. drop of the 
motor, and opposes field A. Thus, the voltage gener- 
ated by BUG1 is proportional to the motor back-e.m.f., 


Fig. 10.—Tension roll control circuit. 


that of the uncoiler except for the different sense of 
various fields. 


TENSION ROLL CONTROL. 

The control system employed for both top and 
bottom rolls is shown diagrammatically in fig. 10. Under 
normal control, motor M2 is feeding back and the 
control acts on the booster B2 in series with the 
driving motor so that the feedback current is held at 
the desired tension setting under steady conditions. 
The booster is excited from a main control exciter 
ME4 which in turn is excited from a pilot control 
exciter PE4. This exciter has five fields, of which 
field A is the tension setting field, excited from CV 
bars, and B and C are positive and negative fields 
respectively when the booster is in its normal bucking 
condition. Field D, the current reset field, is opposed 
to A, and is excited from voltage drop across the 
compole winding of the tension roll motor. Field E is 


























TEMPER MILL DRIVE AT PORT KEMBLA 13 


the acceleration compensating field and is negative in 
sense during acceleration conditions and positive 
during retardation. 


To maintain the correct tension between the tension 
roll and stand 1, the entry roll motor must be pulled at 
such a speed that its back-e.m.f. will circulate the set 
tension current. As the roll diameters on stand 1 may 
vary, and as there may also be some variation in draft 
on stand 1, for any set line speed the speed of the entry 
tension rolls motor will vary. Consequently the back- 
e.m.f. will also vary and to maintain the set tension the 
booster may buck or boost. 


With rolls of small diameter the entry tension roll 
motor will be running at its maximum speed, and the 
booster will be required to boost the main generator 
voltage to limit the feedback current. Under this 
condition the rising current in the compoles of the 
tension roll motor excites field D of PE4. B2 is excited 
by field A to a voltage set by the tension regulators 
such that AA on B2 is positive. The current will 
rise to a value such that field D will predominate and 
reverse the voltage of the pilot exciter. This reverses 
the booster voltage, which will reach a value such 
that the back-e.m.f. of the motor circulates a steady 
set current against the combined voltage of the main 
generator and the booster. 


With large diameter rolls in the mill the entry 
tension roll motor will be running at its lowest speed, 
and in order to maintain the set current the booster 
must buck the main generator voltage to allow the 
motor to feed back enough current. Under this 


Ww 


condition field D is excited until the slight excess 
excitation on field A keeps the booster bucking at such 
a value that the set current is maintained. During 
acceleration or retardation an additional adjustment of 
armature current is required in order to maintain 
constant tension. 

Since the inertia of the rolls is constant and the 
acceleration of the mill is approximately linear and 
proportional to the speed of the master regulator, a 
signal from the armature is taken to the master regu- 
lator pilot motor. This signal is applied to winding 
E on PE4. 

During acceleration, in order to maintain constant 
tension, the current setting must be reduced because of 
the component of tension in the strip which is pulling 
the tension mill motors to accelerate them up to speed. 
Therefore, during acceleration, field E opposes field A 
and thus calls for a lower current setting. The booster 
will react accordingly to make A on B2 more positive 
so as to reduce the current. 

During retardation, the current setting must be 
increased to maintain constant tension because there is 
a component of feedback current providing a braking 
torque on the tension roll motor. Therefore, during 
retardation, field E assists field A in providing a higher 
current setting, and the booster reacts accordingly. 
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Two 200 MW reheat turbo-alterna- 
tors for the Kincardine Generating 
Station of the South of Scotland 
Electricity Board are now under 
construction: this illustration shows 
the slotting of the rotor forging for 
one of the hydrogen-cooled alter- 
nators. 
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Blending Plant at Stanton lronworks 


By J. W. HARWOOD, Engineering Group, Erith. 


S part of an overall plan for modernizing their 
pig iron production plant, The Stanton Iron- 
works Company Ltd. completed last year a 

comprehensive scheme for blending all their incoming 
iron ores and sintering the fines before sending them to 
the blast furnaces. Previously the furnaces were charged 
with run-of-mine ore delivered direct to the furnace 
bunkers from railway wagons, but as the ores were 


the blast furnace bunkers, but the undersize goes first 
to the sintering plant. 

The crushing plant was supplied by Mitchell 
Engineering Ltd. and includes two 5} ft Symons 
standard cone crushers which were manufactured at 
the Erith Works (Fraser & Chalmers Engineering 
Works) of the G.E.C. The latter were the contractors 
for the blending plant (the subject of this article), 





Fig. |.—The blending plant at Stanton Ironworks. 


coming from a dozen or more different sources both 
from this country and abroad, it became essential for 
them to be blended to obtain a blast furnace burden of 
even chemical composition, without which it is diffi- 
cult, if not impossible, to maintain smelting operations 
at peak efficiency. Accordingly, an ore preparation and 
sintering plant was installed capable of handling the 
35 000 tons of iron ore per week that is required to 
keep the furnaces running at full capacity. 

In the ore preparation plant the incoming iron ore is 
first crushed to 2} in. and the whole of it is then 
blended in a Robins-Messiter type of installation. 
After blending, the ore is screened on two parallel 
lines of gas-heated single-deck Gyrex screens fitted 
with } in. 2 in. mesh. The oversize is sent direct to 





which was designed and manufactured at Erith. 
Moxey Ltd. were contractors for the main conveying 
and screening plants, which incorporate four 6 ft x 14 ft 
screens of the Gyrex type, supplied by G.E.C. 


THE BLENDING SYSTEM. 

The Robins-Messiter blending system comprises 
one or more pairs of long and comparatively narrow 
stocking beds arranged as indicated in fig. 2. The ore 
is deposited on one bed of a pair from a travelling 
stacker served by a long conveyor belt. The stacker 
has two hinged booms, one for each bed. It moves 
backwards and forwards depositing ore from one of the 
booms down the middle of a bed. In this way a pile of 
ore is built up in a succession of thin layers until it 
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finally covers the whole area. When the pile is com- 
plete, stacking is started on the other bed, and the 
finished pile is retrieved by a reclaiming machine, 
which, starting at one end, removes successive slices 
across the full section of the stacked pile while moving 
slowly forward. The dislodged material falls into a 
plough conveyor at the base of the reclaimer and is 
scraped sideways on to a belt conveyor which takes it 
out of the blending plant. 
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the Erith Works in order to save the cost and complica- 
tion of placing the conveyors underground and to 
simplify their maintenance by making access to them 
much easier. 

Each of the beds at Stanton Ironworks can hold up 
to 15 000 tons of iron ore in a pile of triangular cross- 
section 21 ft 6 in. high and 56 ft wide at the base. The 
ore comes in from the crushing plant on a 42 in. 
stocking conveyor belt running between the beds to 
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Fig. 2.—General arrangement of the blending plant. 


Each reclaimed slice is composed of a mixture of all 
the layers that have gone into the composition of one 
pile, and thus the system is, in effect, a continuous 
sampling process. Ores varying in iron content by as 
much as+-15°,, from the average can be blended by 
this method to a mixture for smelting which is con- 
stant within -++-1-5%. 

It is common practice to screen out fines for sinter- 
ing during crushing, the coarse and fine fractions 
being blended separately, as this offers certain econo- 
mies in the crushing section. Many of the ores smelted 
at Stanton Ironworks, however, contain too much clay 
for the fine fraction to be blended separately except in 
dry weather. In wet weather the clay is so sticky that 
it would be impossible to deposit the fines in even 
layers or to reclaim a pile of them when formed. 
With unscreened ore, however, there is enough coarse 
lumpy material to distribute the clay evenly on the 
pile and to prevent clogging in the plough conveyor of 
the reclaiming machine. In the Stanton plant, there- 
fore, screening is carried out after blending. 


BLENDING PLANT. 

The blending plant, which is illustrated in fig. 1 and 
shown in plan in fig. 2, consists of a single pair of 
stocking beds situated 4 ft 6 in. above ground level. 
In previous designs the beds were on the ground and 
the reclaiming conveyor belts ran in troughs alongside 
them. The raised-bed type of plant was developed by 


the hinged-boom stacker, which deposits it on the pile 
that is being built up. The stacker has a capacity of 
600 tons of ore per hour and normally runs for two 
shifts per day during the period when the crushers are 
in operation. 

The plant is equipped with two reclaiming machines, 
which are set down at opposite ends of the beds facing 
each other. Only one of them is employed at a time in 
discharging a finished pile, the other being in reserve. 
Their capacity at 300 tons per hour each is smaller 
than that of the boom stacker, but they operate over 
twenty-four hours, since the blast furnaces and the 
sinter plant run continuously. The reclaimer dis- 
charges the blended ore sideways on to a 36 in. con- 
veyor belt extending along one edge of the bed on 
which it is working. The belt delivers the ore on to an 
underground shuttle conveyor at the end of the plant, 
which transfers it on to a conveyor system leading to 
the screening section. 

The practice at Stanton Ironworks is not to cover 
the whole bed with ore but to stack and reclaim it in 
half-beds, as this method gives greater flexibility both 
in blending and in smelting. Thus, while the boom 
stacker is laying two half-piles on one bed, say C and 
D (fig. 2), the half-piles A and B on the other bed are 
cleared in turn either by one reclaimer working straight 
through or by the two machines, each of them reclaim- 
ing a half-pile in turn. This procedure can be seen in 
operation in fig. 1. 
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HINGED-BOOM STACKER. 

The stacker (fig. 3 and 4) moves on 
a rail track at ground level between the 
two beds and receives the crushed ore 
from the stocking conveyor belt, which 
is fed from an underground conveyor 
at the end of the plant. The stocking 
conveyor runs between the two beds 
for their whole length, but, on reaching 
the stacker, it passes up a trailing 
bridge at the rear end, visible in fig. 3, 
and turns over a pulley at the top, 
discharging the ore on to a short 
reversible conveyor belt. The stocking 
belt then descends to a bend pulley at 
the base of the structure and continues 
between the beds to the far end, where 
it passes round tandem drive pulleys, 
by which it is powered, and thence 
back to the feed end. 

The stacker has two booms, each 
carrying a conveyor belt, and the 
reversible conveyor delivers the ore on 
to whichever boom is being used. A 
single 40 h.p. motor is provided for 
the boom conveyors, clutches being 
fitted to connect it to the belt in use. The reversible 
conveyor is driven by its own 5 h.p. motor. The booms, 
hinged at the bottom, are held in position by wire 
ropes, each connected to its own motor winch, which 
allow them to be adjusted from 8° below to 18° above 
the horizontal position. Height regulation is of con- 
siderable importance when the weather is dry, as dust 
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Fig. 4.—Hinged-boom stacker from the front. 


generation can be reduced to a minimum by keeping 
the discharge point close to the top of the pile. The 
boom not in use is normally hoisted high enough to 
clear the reclaiming machine. 

The stacker picks up its power from lines of con- 
ductors secured to the side wall of one bed and pro- 
tected by an overhanging lip. It is driven at a speed of 





Fig. 3.—Hinged-boom stacker from the rear, showing the trailing 
bridge for the stocking conveyor. 
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50 ft/min alternately forward and backward along the 
pile by a 25 h.p. motor connected with a reversing 
circuit and an electromagnetic brake. Reversal at the 
correct points is effected by means of adjustable stops 
fixed alongside the rail track. These actuate shunt 
limit switches on the stacker, which halt it and reverse 
the drive automatically at the end of each traverse. It 
takes roughly 150 traverses to complete a pile. 

The switchboard for all the electrical equipment is 
mounted in a cabin in the lower part of the stacker 














aaa 


to the outgoing conveyor belt, which takes it out of the 
plant. The reclaimer picks up its power from con- 
ductors on one of the side walls of each bed. 

The harrow can be seen in fig. 5. It is triangular in 
shape and approximately the same size as the face of 
the pile. It is mounted in front of the cabin on a line 
of rollers which run on a shaft bracketed to the front 
girder of the reclaimer bridge. A wire rope attached to 
the tip of the harrow and secured at the other end to a 
motor winch in the cabin enables it to be set at the 


Fig. 5.—Robins-Messiter reclaiming machine in operation on an ore pile. 


tower. Should one of the conveyors on the stacker 
trip out for any reason, the whole of the conveyor 
system preceding it is stopped immediately by means 
of a power-sensitive relay in the power circuit supply- 
ing the stacker. 


RECLAIMING MACHINES. 

The reclaiming machines, which can be seen in fig. 1 
at opposite ends of the piles on the further bed, are 
Robins-Messiter machines of Mark III design for 
use in conjunction with raised stocking beds. A 
reclaimer consists essentially of a bridge structure on 
rails which spans the bed and the outgoing conveyor 
alongside it. It is mounted on six track wheels, two 
driven and one trailing on each side. The rails are on 
ground level on both sides of the beds ; at Stanton 
Ironworks they have a span of 75 ft. 

The bridge carries a cabin covering its whole length 
to house the driving and control gear. It supports a 
harrow for dislodging the ore from the face of the pile 
and a plough conveyor for transporting it sideways on 


required slope parallel to the face of the pile. Rows of 
steel teeth project from the front of the harrow at 
approximately 7 in. centres over the whole of its face, 
and a reciprocating crank mechanism, actuated by the 
same motor unit that drives the plough conveyor, 
moves it to and fro on its rollers along the supporting 
shaft at 26 strokes per minute with a side-to-side 
throw of 24 in. The mechanism can be seen in both 
fig. 5 and fig. 6 at the left side of the bridge. 

When reclaiming, the machine is driven slowly 
forward by a 15 h.p. motor with a variable-speed gear, 
placed roughly at the centre of the span, which 
rotates a lineshaft extending for the full length of the 
bridge. The shaft engages a double-reduction worm- 
gear bogie unit at each end which is integral with the 
driven wheels, giving the reclaimer a speed of advance 
that is adjustable within the range of } in. to 5 in. per 
minute. 

As the reclaimer moves forward into the pile, the 
oscillating teeth of the harrow dislodge the ore evenly 
over the whole of the face so that it falls into the trough 








140 G.E.C. JOURNAL 


of the plough conveyor at bed level. 
The trough extends for the full width 
of the bed and projects over the re- 
claiming conveyor. The plough con- 
sists of manganese-steel flights secured 
to a heavy chain of special design which 
passes round a sprocket wheel at each 
end. Both top and bottom strands of 
the assembly slide on guides. The 
lower flights, which plough the ore 
sideways on to the reclaming belt, 
move just clear of the bottom of the 
trough; the upper return strand is 
behind the harrow away from the ore. 
The plough assembly is driven by an 
80 h.p. motor through a special gear- 
box equipped with two output shafts, 
one of which is connected to one of the 
chain sprockets while the other rotates 
the crank mechanism that gives the 
harrow its oscillating motion. 

Owing to the sideways drag of the 
plough conveyor and the wide span of 
the reclaimer (75 ft), one set of track 
wheels may lag behind the other and 
become out of alignment. A patented 
recording device with an indicating 
dial measures any misalignment and 
automatically trips the traversing motor when it 
exceeds a pre-determined amount. The operator then 
disengages one driving bogie by means of a special 
clutch and moves the other bogie into alignment, as 
indicated on the dial, by means of the traversing motor. 

Since the traverse speed when reclaiming is so slow, 
a two-speed gearbox is incorporated in the drive to 
enable the machine to travel faster (30 ft/min) when 
withdrawing from the beds. To prevent damage to the 
plough conveyor when traversing at the higher speed, 
a 43 ton hydraulic jack with a 3 in. lift is provided at 
each end of the bridge to raise the trough above its 
normal position. The jacks are operated by a small 
motor and hydraulic pump unit. 


TRANSFER CARS. 

A transfer car is provided at each end of the plant 
for moving the reclaimer from one bed to the other. 
It is of about the same length as the reclaimer and is 
set down in a shallow pit across the ends of the beds. 
It is a simple steel structure with rails on the top 
corresponding in span with those of the reclaimer. It 
is mounted on wheels, which run on a track in the pit, 
and is provided with a motor for traversing which 
drives one set of track wheels through a worm gear, 
the speed and direction being regulated by a drum 
controller with an ‘ inching’ position for close align- 
ment. Power is brought in by trailing cable which 
reels automatically on or off a drum on the car as 
required. 

A trailing cable is employed to drive the reclaimer on 
and off the transfer car, since it is not practicable to 
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Fig. 6.—Robins-Messiter reclaiming machine, showing the plough 
conveyor discharging the ore on to the reclaiming conveyor. 


use the conductors on the side wall of the bed for the 
purpose. When a reclaimer is to be moved, it is 
driven up to the end of the bed, the car having already 
been ‘inched’ into position with the rail tracks 
aligned. A cable is run out from the car and plugged 
into the circuit of the traversing motor of the re- 
claimer, which can thus be driven on to the car by its 
own motor. The transfer car is then moved over to 
the other bed and inched into alignment with the 
tracks there. The reclaimer is driven off, and the 
cable is disconnected and reeled back on to its drum 
on the transfer car. The reclaimer contacts are con- 
nected with the conductors at the side of the bed, and 
it is ready for work again. 


APPLICATIONS OF BLENDING. 

Although the Robins-Messiter system was first 
used for blending copper ore, the majority of the 
plants erected since then have been supplied to steel- 
works. Its application is not restricted to any particu- 
lar material, however, and it is commonly employed in 
blending coal for coking purposes. Fraser & Chalmers 
have been building these plants for more than twenty 
years, and installations for ore and coal have been 
designed and supplied to works not only in Great 
Britain but in Belgium, Spain, Italy and India. 
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Water Cooling of Power Cables 


By D. A. THOMAS, B.sc.,(Eng.), A.M.LE.E., Central Electricity Generating Board, and 
W. HOLDUP, B.sc., Pirelli-General Cable Works Ltd. 


HE possibilities of in- 
creasing the current- 
carrying capacity of 

cables by forced cooling have 
held the attention of cable 
engineers for some years. 
The question is becoming 
more urgent as the demands 
for electrical energy increase 
and cables are _ being 
designed to carry heavier loads. 

While a number of possibilities have been explored, 
it is probable that the simplest and most economical 
method to be applied to a cable buried directly in the 
ground is that put forward by Nigol and West, of the 
Hydro-Electric Power Commission of Ontario. In 
their system, polythene water pipes were laid adjacent 
to the cables and with quite moderate flows of water, an 
increase in heat dissipation from the cables sufficient 
to allow a 50°, increase in current-carrying capacity 
can be expected. The degree of cooling possible with 
this system is limited by the inevitable temperature 
difference across the thermal resistance between the 
heat source (the conductor mainly) and the coolant. 
More important possibly is the fact that this method 
cannot be effectively applied to portions of a cable 
route above ground, at terminations for example. 
Although the rating would normally be higher at such 
positions the forced-cooled cable system could be 
limited by them. 


ALTERNATIVE SYSTEMS. 

A more effective method would be one in which the 
coolant is in close contact with the cable. Nigol and 
West investigated the use of water flow in plastic pipes 
containing power cables and have shown this method to 
be more efficient. 

Possibly the most attractive system at first sight is 
the circulation of a coolant through the cable. By 
extracting heat from within the cable the thermal 
resistance of the cable insulation is avoided and even 
higher currents would be expected to be carried. The 
oil-filled cable lends itself to this form of cooling by 
circulation of oil through the cable oil ducts as investi- 
gated by Oudin and Hansson. Because of the low 
specific heat of oil compared with that of water, how- 
ever, high velocities are required so that, if the cable 
is to be kept to a reasonable pressure, the length must 
be limited or intermediate pumping positions installed. 


In the Winter 1959/60 issue of the ‘ G.E.C. 
Journal ’ a brief reference was made to the 
water-cooling of 132 kV oil-filled cables at cable dielectric and great 
the Uskmouth power station of the C.E.G.B. 
In this article, which is reprinted from the 
‘Electrical Times’ of 16 June, 1960, the 
authors discuss the 
Uskmouth, and give details of the technique 
employed and the results obtained. 


trials conducted at 


With this method, too, the 
coolant forms part of the 


care must be taken with the 
design of the pumping system 
and any heat exchanger to 
ensure that no deleterious 
matter is allowed to come 
into contact with the oil. 
Which system is chosen for 
any given project will depend 
on its particular requirements but, in general, external 
water cooling is likely to be favoured. It provides a 
means of increasing the current-carrying capacity of 
cables to an extent that is in most cases adequate (in 
the order of 100°) without taking liberties with 
electrically highly stressed dielectrics. 





COOLING PIPES 


CABLE 










PIPES 


“4 


CROSS-SECTION OF 
CONFIGURATION 











DIRECTION OF 
WATER FLOW 


CABLE LAID 
IN TREFOIL 


WATER OUTLET 


Fig. |.—Arrangement of cooling pipes alongside the three cables in 
the 180-yard long Gloucester circuit. 


The opportunity has been taken to install water- 
cooled cable circuits in this country. Pirelli-General 
Cable Works Ltd. and the South Wales Division of 
the C.E.G.B. have co-operated in the installation of 
two such 132 kV circuits transmitting power from 
Uskmouth Generating Station. Water-cooling was 
introduced on these particular circuits because the 
rating of the cables as originally designed, 750 amp, is 
lower than that of the associated switchgear and over- 
head line. If, in the future, an increase in current up 
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to 900 amp is required, then the 
water-cooling will be more than 
adequate to cater for the increased 


load. At the same time, as it was METALLIZED PAPER SCREEN -~ 


appreciated that these circuits would 
would provide much-needed experi- 
mental data on cooled cables in 
operational conditions, two cooling 
systems were chosen for comparative 
purposes. Both circuits are similar in 
that they consists of 1-0 in® single- 
core 132 kV oil-filled cables laid in 
trefoil formation between the 132 kV 
switch-house and an overhead line 
terminal compound. 


GLOUCESTER CIRCUIT. 

With one circuit, the Gloucester 
circuit, approximately 180 yd in 
length, water pipes have been laid in a 
manner somewhat similar to that used 
by the Hydro-Electric Power Commis- 
sion of Ontario, except that the 
arrangement has been modified to 
suit a trefoil formation. Little will be 
said about this circuit in this article as 
no experimental results are yet avail- 
able. It might, however, be an inter- 
esting point to note that the cooling 
water is returned in close proximity 
with the cables (fig. 1) and in this way 
it is hoped that the cooling will be 
more uniform along the cable length. 
Looked at simply, at the far end, 
where the cable would be at its hottest 
because the coolant is warm, the return pipes provide 
the maximum additional cooling whereas, at the near 
end, where the water enters at ambient temperature, the 
return pipes provide, little, if any, additional cooling. 


EBBW VALE CIRCUIT. 
The second circuit, the Ebbw Vale circuit, approxi- 
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Fig. 2.—Design of cable for the Uskmouth circuit, showing integral 
cooling channels formed from p.v.c. tubes, laid over reinforcing 


tapes and under external servings. 


mately 260 yd in length, has been manufactured with 
integral cooling channels in the form of 24 segmental- 
shaped p.v.c. tubes laid over the reinforcement tapes 
and under the external servings (fig. 2 and 3). This 
system was chosen to provide cooling along the full 
length of the cables up to the sealing ends at either end 
of the route. 
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Fig. 3,—Cross-section of 132 kV oil-filled water-cooled cable for the Uskmouth circuit. 
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Fig. 4.—Outdoor sealing ends, showing circular cooling pipe 
manifold. 


At the overhead line terminal compound, the sealing 
ends are mounted on 8 ft high steel structures and the 
cooling tubes are connected to circular manifolds cast 
in resin just beneath the plumbed wipes of the sealing 
ends (fig. 4). Water is led to these manifolds through 
1 in. p.v.c. pipes from a hut containing the water 
supply arrangements for both circuits. 

At the switch-house end, outdoor type porcelain 
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5.—Switch-house terminations for the Ebbw Vale circuit installation, 
showing rectangular cooling pipe manifolds and outlet tubes. 
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Fig. 6.—Permissible current loadings at various rates of water flow. 





sealing ends stand on low steel supports housing 
current transformers. The cooling tubes are brought 
through the current transformers and out to a straight 
manifold of 1 in. p.v.c. pipe again encased in a resin 
casting (fig. 5). The 1 in. pipe from each phase is 
connected to a common | in. return pipe laid 2 ft apart 
from the trefoil group in the 
trench. 

The design of the pipe 
manifolds is of importance 
because water leaks at the 
switch-house could not be 
tolerated. The individual 
tubes were let into a blanked- 
off section of 1 in. bore p.v.c. 
pipe. Each entry was sealed 
with a p.v.c. paste and the 
whole placed in a mould into 
which a polyester was poured. 
On setting, the resin provided 
a tough reinforcement and 
sufficient heat was generated 
during the exothermic setting 
reaction to solidify the paste 
and permanently seal the 
tube entries. 

Town main water is fed to 
a 50 gallon tank via a con- 
ventional ball valve, whence 
it is taken to a centrifugal 
pump and fine mesh strainer. 
A constant pressure reducing 
valve ensures constant flow. 
A ‘Rotameter’ is used to 
indicate the flow to the 
channels on each phase, with 
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means provided for equalization of the flows. The 
return pipe is also connected via a ‘ Rotameter ’ to the 
50 gallon tank. 

Thermometers have been added to register the 
temperature of the water at the cable inlet and outlet 
and also at the outlet point of the return pipe. From 
these temperatures and the cable oil pressures, the 
cable temperature can be assessed and measurements 
taken of the degree of cooling achieved. The circuit 
is shown schematically in fig. 7 
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cooling, plus the natural cooling from the 50 gallon 
storage tank, appears to be adequate to maintain the 
inlet water temperature at a sufficiently low value to 
cater for increases in current up to 50°,, above normal 
load. Above this figure the inlet temperature would 
have to be kept down to a low value by either running 
the water to waste or by including a heat exchanger to 
cool the return flow. Assuming that the inlet tempera- 
ture is maintained at a value not exceeding 20° C, 
the permissible currents expected for various rates of 


PIPE MANIFOLD ; 
































* 3 SINGLE-CORE CABLES WITH INTEGRAL 
WATER CHANNELS BURIED IN TREFOIL 
- = y <i. 
ed) ~t <= x i 
= yr -— “SEALING 
DIRECTION OF ENDS 
2 ft WATER FLOW y 
— g 7 ~— 
~ ' P.V.C RETURI N WATER PIPE 
xo tx WATER FLOW 
x! MEASUREMENT 
i ~< 
4-WAY MANIFOLD HAVING | 
THERMOMETERS AT a> : 
POSITIONS MARKED * X ree STOP COCKS 
THERMOMETER -> | af if! 4 4-WAY 


- 1} ~— MANIFOLD 


Ue 


WATER SUPPLY 


~~ THERMOMETER 


- WATER PUMP 





SUMP 


Fig. 7.—Water cooling arrangements on the Ebbw Vale circuit, 
showing flow and temperature instrumentation. 


Normal load currents on these circuits are at present 
too small to effect reasonable temperature rises so, for 
testing purposes, artificial loading is adopted with the 
cables out of service and disconnected from the 
system. 

Two 11 kV/400 V, 3-phase, 500 kVA distribution 
type transformers are connected in parallel and ener- 
gized at 3-3 kV to give about 70 V to earth from the 
secondary terminals. The three cables of a circuit are 
connected to form a three-phase Y, the neutral point 
at the far end of the circuit being formed through three 
air-cooled reactors which can be varied to give a 
measure of current control. 

The existing current transformers are used for local 
loading current indication. It has not been possible to 
carry out a full-scale test on the separate cooling pipe 
circuit, but runs with different rates of water flow have 
been made on the second circuit. 


EFFECTIVENESS OF COOLING. 

In this second circuit the cables are cooled by the 
water flow through the segmental tubes. The water is 
then cooled in turn during its passage back through the 
return pipe, which is placed apart from the cables. This 





water flow are given in fig. 6. It can be seen that, with 
a flow of five gallons per minute, for example, the 
current-carrying capacity could be doubled from 750 
amp to 1500 amp. 


With increases of this order, the economies bear 
looking into. Apart from the occasional demand for 
a cable, the conductor section of which, if uncooled, 
would be too large to manufacture and handle reason- 
ably, other applications are possible, Such examples 
are cases where it is difficult to forecast future demand 
or, as at Uskmouth, where it is desirable to match the 
capacity of associated equipment in anticipation of 
future increased demand. 


Another possible use would be where twin feeders 
are required, the conductor cross-sections of which are 
designed to enable both cable loads to be taken by one 
in the case of an outage on the other. In this case the 
cables could be designed each to carry their normal 
load with cooling added to cater for the occasional 
double load on one cable. 

The Uskmouth installation is expected to give 
further useful information on the economics of water- 
cooling. 











145 


Instrument Cathode-Ray Tubes 


By L. S. ALLARD, B.sc., A.Inst.P., Research Laboratories. 


INTRODUCTION. 

S an indicating instru- 
ment the cathode-ray 
tube is versatile pri- 

marily because of the low 
inertia of the electron beam. 
It is not surprising therefore 
that the diversity of the 
applications in which 


There are many applications requiring the 
use of cathode-ray tubes for the visual display 
of information. The functions of these 
display tubes are so diverse that it is impos- 
sible for a single tube to meet all require- 
ments. The article outlines the main features 
in the design of the display tubes, many of 
which are included in the wide range of 
instrument tubes manufactured by the M-O 


static lens system. The dif- 
ferent forms of storage tubes 
employ various combinations 
of magnetic and electrostatic 
focusing and deflection. 


OSCILLOSCOPE TUBES. 


The usual requirement for 
an oscilloscope tube is that it 





cathode-ray tubes are used Valve Co. Ltd. 

is increasing. In the majority 

of these applications the 

electron beam bombards a phosphor on the tube face to 
give a visual display, while in other instances the 
electron beam can be used to deposit an electric charge 
for storage purposes. The deposited charge then con- 
trols either directly or indirectly the brightness of the 
displayed information on a fluorescent screen. 


should be able to display an 

event occurring in time. The 

range of time scale may vary 

from a few minutes down to the order of 10°* seconds. 

Because of this wide range in the time scale, different 

types of tube are required and have been designed for 
particular applications. 

It is customary in oscilloscope tubes for the beam to 

be focused by an electrostatic lens as shown in fig. 1. 
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Fig. |.—Electrode system for electrostatic tubes. 


The diverse nature of the requirements in the 
various oscilloscope and radar applications precludes 
the possibility of a common type of tube being used. 
It is however customary to find that the majority of 
oscilloscope tubes employ electrostatic focus and 
deflection of the beam while the majority of radar tubes 
employ magnetic deflection, although the focusing of 
the beam can be done by either a magnetic or electro- 


It will be seen from this diagram that the gun is 
inefficient due to a large portion of the current being 
intercepted by the final anode. The electrostatic 
deflector plates are situated immediately following the 
focusing lens and are usually designed to have the 
highest deflection sensitivity. The high deflection 
sensitivity is achieved either by assembling the plates 
very close together or by increasing the length of the 
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defl.ctor plates consistent with requirements of scan 
amplitude. The best compromise between sensitivity 
and scan amplitude has, however, probably been 
obtained and hence modifications to the geometrical 
design of the deflector plates will give no great improve- 
ment in performance. 


DEFLECTION SENSITIVITY. 

Further improvements in the deflection sensitivity 
can be obtained by deflecting the electron beam at low 
energy and then accelerating the electron beam before 
it bombards the fluorescent screen. This action is 
known as post-deflection ac- 
celeration (p.d.a.). The ulti- 
mate objective in the design of 
a p.d.a. system is to accelerate 
the electron beam before it 
bombards the fluorescent 
screen, thereby giving a higher 
brightness, without introduc- 
ing any distortion of the dis- 
play. The simplest form of 
p.d.a. consists of adjacent 
bands of graphite coated on 
the internal surface of the tube 
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Modern techniques have, however, shown that it is 
possible to suppress the secondary electrons by suit- 
ably coating the mesh and by biasing the mesh negative 
with respect to the final anode of the electron gun. 
This design of p.d.a. allows the potential of the 
aluminized screen to be varied over an exceedingly 
wide range without reducing or distorting the trace. 


DEFLECTING SYSTEMS FOR HIGH FREQUENCIES. 

The deflecting systems of the majority of currently 
available high-voltage oscilloscope tubes are suitable 
for displaying frequencies up to about 150 Mc/s. The 
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This arrangement enables 
higher values of deflection 
sensitivity to be achieved but 
at the same time introduces 
raster distortion due to the 
lens action between the 
adjacent bands. The next step 
in overcoming these distortions and thereby improving 
the p.d.a. system is to replace the separate graphite 
bands by a continuous resistive spiral extending from 
the deflector plates to the fluorescent screen. Across 
this spiral is applied the main accelerating voltage. A 
worthwhile gain in sensitivity is obtained with this 
arrangement compared with the adjacent graphite band 
system. There is, however, still some residual refrac- 
tion of the electron beam towards the tube axis due to 
the non-uniform effects of the accelerating field at the 
beginning and end of the spiral. These field distortions 
can be overcome by introducing correcting electrodes 
such as, for example, a wire grid structure at the 
beginning of the graphite spiral. 

An alternative solution to the p.d.a. problem is to 
allow the electron beam to travel on its deflected path 
towards the screen in a field-free region at low energy 
and then to accelerate the beam just before it bombards 
the fluorescent screen’. This can be achieved by 
placing a mesh of fine structure in front of the screen 
and displaced from it by 1-2 cm. The main accelerating 
voltage is applied between the mesh and the aluminized 
screen. This simple arrangement suffers from the 
disadvantage that secondary electrons are liberated 
from the mesh as it is bombarded by the electron 
beam on its passage to the screen. These secondary 
electrons are also accelerated by the field and excite 
the screen, thereby reducing resolution and contrast. 
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Fig. 2.—Fixed-element travelling-wave deflecting system. 


limitations on this frequency come from three sources, 
namely, the resonant frequency of the deflector plates 
due to their capacitance and the inductance of the 
connecting leads, cross coupling between the two 
perpendicular deflecting systems, and transit time 
effects. The transit time distortion can be overcome 
by reducing the time taken for the electron beam to 
traverse the deflecting field. This reduction of time 
can be achieved either by shortening the deflector 
plates or by using a higher-energy electron beam. Both 
of these solutions, however, reduce the deflection 
sensitivity and hence are not favoured in applications 
where only a few volts might be available for deflecting 
the electron beam. Travelling wave deflecting systems 
have therefore been developed to extend the frequency 
range of the signal deflectors. Two techniques have 
been demonstrated, one having fixed elements in a 
transmission line and the other having distributed 
elements. In the fixed element arrangement shown in 
fig. 2 there is a common deflector plate facing, for 
example, four separate deflectors. Each of these 
deflectors forms a capacitance with the common 
deflector, and is connected to the adjacent deflector by 
an inductance. The end of this deflecting system is 
terminated by a resistor having the same value as the 
characteristic impedance of the deflecting system. The 
electron beam passes between the deflector plates at 
the same speed as the deflecting signal travels along 
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the line. Thus, as an electron passes the first deflector, 
a deflecting field deflects the electron and then as the 
same electron travels into the second deflecting region 
it experiences the same deflecting field. This process 
is repeated as the beam passes the subsequent 
deflectors. 

This same principle is employed in the distributed 
system as shown in fig. 3. In this arrangement there is 
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Fig. 3.—Distributed-element travelling-wave deflecting system. 
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an outer cylinder and an inner helix of silver tape 
wound on an insulating former. The electron beam 
passes between the inner and the outer conductors and 
its velocity is adjusted to be the same as the longitu- 
dinal propagation of the wave along the helix. Systems 
have been designed and made using this principle and 
have been capable of operating up to 1500 Mc/s. This 
solution to the problem is, however, rather costly and it 
is highly probable that a cheaper solution will be sought 
having as an objective some intermediate value for its 
frequency range, such as for example 400-500 Mc/s. 


LOW VOLTAGE TUBES. 

There are requirements in which oscilloscope tubes 
are operated in small portable equipment. This trend 
will probably be accentuated as transistors become 
more readily available, in which case there will be a 
greater demand for the cathode-ray tube to operate at 
lower values of anode voltage. The operation of tubes 
at 200-300 volts introduces several problems. Firstly, 
the electron gun has to be designed to give good resolu- 
tion at the low voltage and, secondly, the fluorescent 
screen should not burn during life. Unfortunately the 
life performance of phosphors is not good at low 
voltages. A low-energy electron beam does not pene- 
trate very deeply into the phosphor crystals and hence 
the burning effect which is noticed is mainly a surface 
phenomenon. A reduction in the rate of burning has 
been obtained with Willemite material by modifying 
the manganese content of the phosphor’*. 

A further point relating to the screen performance is 
the conductivity of the glass on which the phosphor 
material is deposited. If the cathode-ray tube is made 
of high conductivity soda-glass and is operated with 
the cathode of the tube at earth potential, the scan on 
the tube face can be distorted if an earthed object 
makes contact with the screen. This can easily happen 
for example, when an operator is taking measurements 


on the tube face. The reason for this distortion is that 
the potential of the fluorescent screen is caused to vary 
from that of the final anode, at which it is normally 
maintained by secondary emission. When contact is 
made on the outside of the tube face to earth potential, 
a current flows through the glass from the fluorescent 
screen, thereby reducing its potential. To overcome 
this defect a transparent conductive layer can be 
deposited on the inner surface of the bulb before the 
screen is deposited. This conductive layer, which can 
for example be tin oxide, is connected electrically to 
the final anode of the tube and thereby ensures that the 
screen potential is maintained during all conditions of 
operation. 


RADAR TUBES. 

The three main requirements of radar displays are to 
obtain a large bright display of the incoming radar 
information, to have the required length of storage and 
also to be capable of high resolution. There are various 
ways in which these requirements can be satisfied but 
in the majority of applications a cathode-ray tube is 
used for the display. The size of the display is limited 
by the size of the cathode-ray tube—the most popular 
size at the moment is 12 in. diameter although, of 
course, there are displays in which tubes of 16 in. and 
21 in. diameter are used. The storage of the informa- 
tion is normally achieved by the afterglow properties of 
the fluorescent screen. The most popular type of 
screen at present used for radar is the potassium/ 
magnesium fluoride screen which has an orange 
fluorescence and an orange afterglow. Depending upon 
the conditions of excitation, the afterglow time can be 
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Fig. 4.—Limited-area cathode gun (not to scale). 


varied and under suitable conditions it is possible to 
retain the information for periods of 2-3 minutes. 

An alternative type of screen uses a green-emitting 
zinc sulphide phosphor in conjuction with a blue- or 
UV-emitting phosphor as a double-layer screen. In 
operation the electron beam excites the blue/UV 
phosphor, the radiation from which excites the green 
zinc sulphide and gives a normal degree of afterglow 
lasting a few seconds. Some electrons are however 
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retained in the traps in the phosphor. These electrons 
can subsequently be released if the material is irradia- 
ted by infra-red. The release of this stored energy can 
take place after a considerable time has elapsed which 
may, if required, amount to several days. 


AT 100% ‘DRIVE’ THE EMITTING DIAMETER IS 
THE PROJECTION OF THE MODULATOR 
APERTURE ON THE CATHODE SURFACE 
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cathode is one way of achieving the required character- 
istics. The cathode, shown in fig. 4, consists of a 
cylinder in the top surface of which is located a very 
small aperture. The size of this aperture can be any 
desired value, and can be for example, in the order of 
0-002 in. The nickel-matrix cathode’, 
consisting of carbonyl nickel powder 
together with the usual mixture of car- 
bonates and an activator, is pressed in 
the cylinder. After pressing, the cathode 
is sintered in vacuum. 

In operation the emitting area of this 
cathode remains constant at the very 
small value determined by the limiting 
aperture in the cathode retaining 
cylinder. In addition, the beam angle 
also remains reasonably constant over 
the modulation range as indicated in 
fig. 6. These two gains in the character- 
istics of the electron gun are not 
obtained without some modification of 
the other parameters of the gun. Due 
to the limitation in the area, the varia- 
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tion of the cathode current with ‘ drive ’ 
is different from that obtained from 
1 , conventional tubes. Whereas the 
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Fig. 5.—Variation of emitting diameter with percentage * drive °. 


The resolution of radar tubes has been 
increased considerably since the war. This 
improvement in resolution has been ob- 
tained mainly by a reduction in the 
geometry of the electron gun. The extent 
to which this technique can be applied is 
limited however, by the maintenance of 
the cathode modulator spacing. As the 
geometry of the gun is scaled down, the 
cathode/modulator spacing has to be 
reduced to maintain the ‘ cut-off’ voltage. 
If this spacing is reduced too much, the 
probability of reducing the cathode 
modulator insulation increases. 

A possible way of overcoming this 
limitation is to use a limited-area cathode 
(fig. 4). In a conventional type of cathode 
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90-100 cathode current is normally approxi- 
mately proportional to the third power 
of the ‘ drive ’ voltage, the current from 
a limited area cathode is approximately 
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the emitting diameter varies as the modu- 
lator voltage is varied and also the angle of 
divergence of the electron beam varies in a 
similar manner with modulator voltage. 
Fig. 5 and 6 indicate these relationships. 
It will be seen from fig. 5 that in a con- 
ventional gun the emitting diameter, which is focused 
on the screen, increases with ‘drive’. If the object 
size could be maintained at a constant value over 
the modulation range and if the object size could 
be made extremely small, it should be possible to 
achieve an improved resolution performance at any 
value of ‘drive’. The limited-area nickel-matrix 


10 20 30 40 50 60 70 80 90 100 
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Fig. 6.—Variation of beam angle with percentage ‘ drive ’. 


proportional to the three halves power of the ‘ drive’ 
voltage. Nevertheless, by this technique, small spot 


sizes can be achieved fairly readily on the face of the 
tube. 

The focusing of the electron beam has been effected 
in the past by a permanent magnet or electromagnet 
situated outside the tube neck. Recently, however, 
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Fig. 7.—Electrostatic focusing system for magnetically deflected 
tubes. 


there has been a trend towards using an electrostatic 
lens for focusing, the lens being situated inside the tube 
neck. Fig. 7 illustrates a typical lens configuration. In 
these lens arrangements it has been customary to 
design the lens such that zero voltage is required on the 
focus electrode to focus the beam. 

The electron beam is deflected in the usual 
manner by an electromagnetic field set up by a 
current flowing through deflector coils situated 
on the neck of the tube. The scanning angle of 
radar tubes has not increased as in television 
tubes and hence the current required to deflect 
the electron beam in radar tubes is lower than 
that required for television tubes. There are 
indications that an even greater reduction in 
deflecting current might be favoured by reduc- 
ing the diameter of the tube neck, thereby 
enabling the deflector coils to be located nearer 
the electron beam. 


DIGITAL DISPLAY TUBES. 

There is an increasing need to display digital 
information in visual form. There are already 
various techniques by which this can be done, 
including, for example, gas discharge tubes, 
electroluminescent display panels, edge-lit perspex 
stacks and a combination of a lamp and stencil. Each 
of these techniques suffers from various disadvantages 
such as low brightness, limited angle of view, poor 
contrast and short life. 

An alternative approach to the problem has been 


achieved by the development of a cathode-ray digital 
display tube. As shown in fig. 8, the tube consists of a 
triode electron gun sealed at one end of the tube and a 
fluorescent screen at the other end. Near the fluor- 
escent screen is mounted a number stack consisting 
of fine wires bent into the form of the required digits. 
These numbers are located along the axis of the tube 
near the screen and are all insulated from each other. 
Separate connexions to the digits are brought out 
through the tube base. 

In operation a divergent cone of electrons floods the 
number stack. To select a particular digit a negative 
potential is applied to the required digit. The effect 
of this negative potential is to cause the electron beam 
to diverge around the wire thereby causing a shadow 
of the digit on the tube face. Any interference from the 
other wires of the number stack can be minimized by 
biasing the remaining wires slightly positively. 

Display tubes have been developed and operated and 
a typical display is shown in fig. 9. The display 
brightness is high and enables the tubes to be used 





Fig. 9.—Display of information on digital display tubes. 


under conditions of high ambient illumination. The 
displayed digits are all in one plane thus allowing the 
display to be viewed over a total angle of almost 2 = 
steradians. The maximum speed of switching is 
probably in the region of several megacycles per 
second as it will be limited primarily by the inductance 
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Fig. 8.—Digital display tube. 
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and capacitance of the connecting leads. If the data 
need to be recorded photographically at high speed, a 
short-afterglow phosphor will be required to prevent 
blurring of the image on the film. 

The tubes operate at about 600 volts and the switch- 
ing voltage is about one-tenth of the anode voltage. The 
digits take negligible current and hence the required 
switching power is of the order of microwatts. 
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This curve indicates that if an insulated surface is 
bombarded by an electron beam whose energy is less 
than V,, the secondaries released will be fewer than 
the primaries arriving at the surface. The surface will 
therefore acquire a negative charge and its potential 
will rapidly approach that of the cathode, in which case 
the beam will no longer bombard the surface. If the 
beam bombards the surface at an energy between V, 
and V,, it will be possible for an 
equilibrium state to be achieved in 
which one secondary electron will be 
released for each primary electron 
arriving at the surface. It is this 
condition, incidentally, which applies 
to non-aluminized cathode-ray tubes 
In these tubes the beam current can be 
measured by inserting a micro- 
ammeter in the lead to the internal 
conductive coating on the tube wall, 
in which case it is the secondary 
electron current from the screen which 








is measured rather than the primary 
beam current.) The last condition to 
consider is when the surface is bom- 
barded by an electron beam having an 
energy greater than V,. Again the 
secondaries released are fewer than 








the primaries arriving at the surface, 
and hence it will acquire a negative 
charge. The potential of the surface 
will therefore stabilize at that value at 
which it is able to release one second- 
ary for each primary electron, i.c., 
the surface will stabilize at V,. The 
curve in fig. 10(6) indicates the 
potential taken up by the insulated 
surface when bombarded by a primary 
beam of varying energy. 

Storage tubes can be made to operate 
using these secondary-emission prin- 
ciples. The tubes may contain either 
one or two guns depending upon the 
particular application for which they 





Fig. 10.—Variation of secondary emission coefficient and surface 


potential with final anode voltage 


STORAGE TUBES. 

The number of storage tubes developed in the last 
fifteen years is legion. These tubes can, however, be 
classified into two main categories, namely, electrical 
input electrical output and electrical input optcal 
output 


ELECTRICAL INPUT ELECTRICAL OUTPUT 

All storage tubes depend for their operation on the 
retention of charge by an insulator. The charge can be 
deposited either by secondary emission or by bom- 
bardment-induced conductivity. A typical secondary 
emission curve for materials is shown in fig. 10(a). 


are required. If a single gun only is 
used the writing and reading have to be 
sequential, while if a double-gun tube 
is used the writing and reading can be 
simultaneous. 

A simple storage surface is indicated 
in fig. 11. The insulated storage surface can be made 
from practically any insulator which has the required 
secondary emission properties. A material which has 
been commonly used is the oxide layer of aluminium 
produced by anodizing the sheet metal. The thickness 
of the layer may be of the order of 5 microns. The 
sheet aluminium acts as the signal plate and as the 
common electrode of all the elemental capacitors having 
the storage layer as the dielectric and the electron beam 
as the other electrode. When the surface 1s bombarded 
by the beam, secondary electrons are liberated and go 
to the collector electrode, thereby charging the surface 
to various potentials. 
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Information can be written on the surface by 
secondary emission when the surface is bombarded by 
a beam having an energy greater than the V,. Thus 
where the beam bombards the surface it will be charged 
to V,. The reading beam energy is adjusted to be 
between V’, and V, so that the secondary emission is 
greater than unity. Hence as the reading beam scans 
the surface a positive charge is deposited to discharge 
those parts which had previously been bom- 
barded by the writing beam. This neutralizing 
charge is induced capacitively in the signal plate 
lead to give the output signal. 

When using the tube for simultaneous writing 
and reading, it is mecessary to separate the 
induced currents in the signal plate lead due to 
the two electron beams. This can be achieved by 
modulating the reading beam at a high frequency 
and tuning the output circuit to a harmonic of 
this frequency 

An alternative mode of operation depends 
upon electron-bombardment-induced conduc- 
tivity (E.B.1.C.). In this instance a much thinner 
insulated storage layer is used, of the order of 
0-25 micron. Anodized aluminium can be used, 
although it is quite common to deposit insulator 
materials such as magnesium fluoride to the 
correct thickness by evaporation techniques. 

The front surface of the insulator is stabilized 
to the collector potential (between V, and V, 
by the reading beam. The back signal plate is 
biased negatively with respect to the collector 
potential, thereby introducing an electric field 
across the insulator. The high-voltage writing 
beam bombards the insulated surface and pene- 
trates right through it. When this happens, a 
current many times greater than the primary bom- 
barding beam flows through the insulator. By this 
action the potential of the front surface of the insulator 
is taken rapidly towards the negative potential of the 
signal plate. When the reading beam re-scans the 
surface it charges the elemental capacitors which have 
been partially discharged by the writing beam and 
stabilizes the front surface again to collector potential. 
The induced current flowing in the signal plate lead 
resulting from this re-charging constitutes the output 
signal 

Storage tubes which operate on secondary emission 
have their two guns on the same side of the storage 
surface. This means that at least one of the electron 
beams scans the surface obliquely and hence keystone 
correction has to be applied to the scanning wave- 
forms to obtain a rectangular raster. Storage tubes 
operating on E.B.I.C., however, enable this difficulty 
to be overcome, as the two guns can be situated on 
either side of the target surface. The low-voltage read- 
ing gun scans the storage layer while the high-voltage 
gun, which is situated on the opposite side of the 
target, operates at a potential sufficiently high to 
enable the electron beam to penetrate through the 
metal signal plate and also through the storage layer. 

These types of storage tubes find many applications in 
radar, where, for example, it might be necessary to 
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convert from a radial p.p.i. display to a television-type 
display. It is also possible to operate several viewing 
monitors from a single storage tube. A further applica- 
tion of these types of storage tubes is the improvement 
of the signal-to-noise ratio by integration of successive 
scans. 

Storage tubes which are used in computers are 
usually of the single-gun variety operating on second- 
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Fig. |1.—Elementary storage surface 


ary emission. A tube that was developed more than 
ten years ago at the G.E.C. Research Laboratories for 
Professor F. C. Williams of Manchester University, 
looks very similar to a conventional cathode-ray tube 
The gun has been redesigned to give a very small spot 
and the storage surface is the fluorescent screen on the 
face of the tube. Although the storage surface fluor- 
esces, no use is made of the light output. The output 
signal electrode consists of a metallic plate or mesh 
fixed to the outside surface of the tube face. Signal 
currents are capacitively induced into the pick-up 
plate by the electron beam. Information can be stored 
by directing the beam to any part of the surface in a 
focused or defocused condition. Depending upon the 
state of the beam, a different charge pattern is 
deposited on the storage surface. When the stored 
information is required the beam re-scans the surface 
and causes different currents to flow in the output lead 
depending upon whether there had previously been a 
focused or de-focused beam at that point. 

A further type of tube used in computers 1s the 
barrier-grid storage tube. Again this a single-gun tube 
having a thin insulated surface, for example, of mica or 
glass, as the storage layer. On the rear surface of this 
layer is a metallic signal plate while on the front surface 
in very close proximity to it is a mesh. The function 
of this mesh is to prevent the redistribution of 
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secondary electrons from taking place, thereby in- 
creasing the storage capacity of the tube. In operation 
the voltage of the back signal plate is varied, as a 
result of which the potential of the front surface also 
varies by capacitive action. The electron beam bom- 
bards the insulated surface, and stabilizes the potential 
of the surface at the potential of the barrier grid. The 
input signal is therefore recorded as a potential varia- 
tion on the insulated surface, and after one complete 
scan the individual parts of the surface will be either at 
barrier-grid potential or at a potential differing by the 
value of the input signal. The information which has 
been stored during one scan can be read out during the 
succeeding scan by scanning with the electron beam 
and with no signal applied to the back plate. 


ELECTRICAL INPUT OPTICAL OUTPUT TUBES 

The popularity of directly viewed storage tubes can 
be seen by the increasing use of directly viewed storage 
oscilloscopes in laboratory applications in both 
Europe and America. In these tubes two guns are 
customarily used, although for certain applications 
three guns are sometimes used and one American firm 
has advertised that as many as fifteen guns can be 
sealed into a tube. 

A focused electron beam from the gun is used for 
writing the information on the storage layer. The 
other gun, a simple triode, produces a flooding beam of 
low-velocity electrons in the form of a divergent cone. 
Immediately in front of the storage surface a collimat- 
ing lens refracts the electrons in the flood beam so that 
they approach the surface at right angles. 

The storage layer consists of a coating of dielectric 
deposited on a fine wire mesh. The mesh is located 
near the fluorescent screen with the dielectric surface 
facing the electron guns. Between the mesh and the 
fluorescent screen is applied the main accelerating 
potential so that those electrons from the flood gun 
which penetrate the mesh can be accelerated before 
bombarding and exciting the fluorescent screen. 

In operation the potential of the wire mesh is one or 
two volts positive with respect to the potential of the 
flood-gun cathode. To prepare the surface for writing, 
the potential of the wire mesh is taken about ten volts 
positive. The flood-beam electrons bombard the 
storage layer and stabilize it at cathode potential. On 
returning the wire mesh potential from ten volts to 
two volts, the potential of the storage layer is taken 
capacitively to eight volts negative with respect to the 
potential of the flood-gun cathode. This negative 
potential of the storage layer prevents any of the 
flood-beam electrons from penetrating through the 
mesh. Information can be deposited on the storage 
mesh by the writing beam operating at a potential 
between the two crossover points on the secondary 
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emission curve. A positive charge will therefore be 
deposited on the insulated surface, taking its potential 
towards that of the collector. At the points where the 
positive charge has been deposited, the flood-beam 
electrons can penetrate the mesh and give a bright 
display on the screen. 

Very high brightnesses can be obtained by this 
technique as the light output from any one area of the 
screen is a continuous process rather than an inter- 
mittent process as occurs in conventional cathode-ray 
display tubes. The display can therefore be viewed 
under very high ambient illumination conditions. The 
storage time is limited by surface leakage of the charge 
pattern and also by gas ionization in the tube. It is 
possible, however, by pulsing the flood beam to 
extend the storage time to about 10 minutes before the 
signal is degraded. 

The main limitations with storage tubes developed 
so far, are the maximum writing speed and resolution. 
In the case of the directly viewed storage tube the 
writing speed is lower by about three orders of magni- 
tude compared with what can be achieved by conven- 
tional high-speed oscilloscopes and cameras. 


FUTURE TRENDS. 

The future trends in oscilloscope tubes will un- 
doubtedly be towards higher resolution, brighter 
displays, lower voltage operation and an extended 
frequency range for the deflecting system. All of these 
requirements, however, are mutually conflicting and it 
will therefore be unlikely that a single tube will 
satisfy all requirements. 

Developments in radar tubes will probably be con- 
centrated on improving resolution and also on obtain- 
ing larger displays, possibly several feet square. In 
achieving this latter objective it is possible that the 
final display may be some form of solid-state display 
panel, although a cathode-ray tube might be used as 
an intermediate process to activate the large display 
screen. 

The main immediate requirements of storage tubes 
which will probably govern future developments are 
higher resolution and higher values of writing speed. 

It will be seen from the preceding account that there 
are many problems facing the designer of instrument 
tubes and it is expected that during the next decade 
considerable advances will be made in tube per- 
formance. 
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Governing and Protection of 


Reheat Turbo-Generators 


By R. A. AYLING, A.M.1.Mech.£., Power Plant Division, Engineering Group. 


HE development of large tandem-compound 
T turbo-generators, operating on a reheat steam 

cycle, has imposed very stringent demands on 
the turbine governing system, particularly under 
emergency conditions. The ratio of full-load torque to 
rotor inertia tends to increase with unit rating and is 
made still greater by the adoption of direct hydrogen 
cooling of generator rotor conductors, which permits 
the design of generators with high power outputs but 
comparatively small rotors. 


MAIN STEAM 
H.P. VALVES 


H P. TURBINE 


REHEAT 
VALVES VALVE 





—_ 
REHEATER 


INTERCEPTOR VALVE 


(Under Governor Control) 


drop and this, together with the large operating forces 
on the H.P. valves, requires the use of very powerful 
servo-motors. In this article, the methods employed 
on G.E.C. turbo-generators to overcome these and 
associated problems are described. 

A diagrammatic arrangement of the governing gear 
used for a reheat turbine is shown in fig. 2, from 
which it will be seen that the H.P. and interceptor 
valves are operated by hydraulic relays mechanic- 
ally linked in three stages. The main speed governor 
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Fig. |.—Steam circuit of reheat turbine, showing location of H.P. and reheat valves. 


For a 200 MW unit, the instantaneous acceleration 
of the rotors following sudden rejection of full load is 
about 14°,, of normal speed per second; for a 350 MW 
unit, the acceleration is about 18°,, per second. It is 
the duty of the governing gear to limit the maximum 
speed attained following full load rejection to a value 
not greater than 10°., above normal speed, otherwise 
the emergency overspeed governors will operate. The 
response of the governing system therefore has to be 
very rapid indeed. 

The mass of steam stored in the reheat circuit 
requires additional valves at the inlet to the LP. 
cylinder to prevent overspeeding following load 
rejection. These valves have to be of large size in 
order to pass the volume flow without undue pressure 


and acceleration sensitive device determine the output 
from the primary governing relay; the position of the 
secondary governing relay is controlled by the speeder 
and starting gears as well as by the input to it from the 
primary relay. The operating relays for each valve 
are housed alongside the steam admission valve chests 
on each side of the turbine, each relay consisting of a 
single-acting oil-servo motor, fitted with a powerful 
return spring. 

Although large steam forces act upon the steam 
admission valves, power pistons of moderate size can 
be employed due to the adoption of a high relay-oil 
pressure and the use of internal pilot valves in the 
single-beat H.P. emergency and reheat interceptor 
valves. These pilots reduce the large steam-closing 
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forces on the main valves, and, in the case of the H.P. 
valves, allow fine control of the steam flow during 
starting. A combination of moderately sized power 
pistons, large oil-pilot valves, and ample local drainage, 
all contribute to rapid relay response. 

Three-stage relays provide ample power to move the 


mechanically-linked relays quickly, and the weight of 


the linkage has been kept to a minimum consistent 
with adequate stiffness. It will be appreciated that 
with small, rapid movements there must be no distor- 
tion of the signal due to strain in individual com- 
ponents of the system. This is avoided by use of large- 
diameter hollow tubes for the longitudinal layshafts 
operating the H.P. and interceptor valve relays. 

The reheat valves are controlled in a manner very 
similar to the H.P. valves but are not influenced by the 
speeder or starting gear. Unlike the interceptor valve, 
the reheat emergency valve is not speed sensitive and 
will close only in the event of loss of relay oil pressure. 

Unbalanced single-beat throttle valves with simple 
porting are used to ensure complete sealing when the 
valve is seated, the correct area lift relationship being 
obtained by the use of variable-ratio levers. 

To obtain a linear relation between steam flow and 
valve lift with a simple valve of this kind, the valve must 
be lifted slowly at first and then at an increasing rate as 
the ‘ full-open’ position is approached. In addition, 
the combined spring and steam closing forces vary 
appreciably during the valve lift, being at a maximum 
when the valve first lifts off its seat. It is also essential 
that the oil pressure variation in the power piston 
cylinder is smooth. The variable-ratio levers which 
satisfy those requirements by providing a variable 
mechanical advantage and velocity ratio have been 
used successfully for many years on G.E.C. turbines. 

The H.P. steam chests are interconnected to permit 
the testing of all six valves while on load. The system 
is such that only one valve can be tested at a time and 
each valve, after exercise, must be left in its working 
position before another valve can be tested. 

Two pairs of reheat valves are mounted in series in 
vertical steam chests, one each side of the I.P. turbine. 
The interceptor valve is a single-beat valve with a 
small co-axial pilot and is positioned upstream of a 
simple flap-type emergency valve. Both valves provide 
rapid and effective control of steam flow in an emer- 
gency, and each can be fully tested on-load. To over- 
come the possibility of excessive torque being applied 
to the spindle of the flap valve during such a test, a 
system of interlocks is provided between the on-load 
test plungers of the valve and its associated inter- 
ceptor valve; this ensures that the flap valve cannot be 
exercised until the interceptor valve, upstream of it, is 
shut. After testing, the interceptor valve cannot be 
opened again until the reheat emergency valve has been 
returned to its open position. 

The interceptor valves commence to close when the 
speed rises to 3°., above normal speed or if the instant- 


aneous acceleration reaches about 5°., per second of 


normal speed. They are fully closed at 5°,, above 
normal speed. During the on-load testing of valves the 
governor remains fully operative so that it is impossible 
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to re-open a valve when a rise in speed requires it to 
be closed. 

The final relays are fitted with rapid-draining pilots 
which quickly close their associated H.P. and reheat 
valves when the main oil-release valves open. This 
operation is quite independent of the primary and 
secondary relays and represents an additional safe- 
guard, as closure of the valves is ensured even if the 
response of the other relays is slow or deficient due to 
some fault. The same system for rapid local draining 
of the final relays is also used when exercising the 
valves on load and is therefore tested at the same time. 

Components in the governing system which are of 
particular interest are the vertical speed-governor, the 
acceleration sensitive device, and the rapid-closing 
pilot valves. 


SPEED GOVERNOR. 

The speed governor( fig. 3), is driven through worm 
gears from the high-pressure turbine rotor and runs 
at 400 rev min. The pilot valve of the primary relay is 
attached to, and rotates with, the governor so as to 
minimize friction and inertia forces. Centrifugal 
movement of the governor weights produces a cor- 
responding vertical displacement of the connected 
pilot valve from its neutral position within the primary 
power piston. This displacement causes oil to be 
admitted to, or drained from, the underside of the 
primary power piston which consequently follows the 
movement of its pilot. A light spring is provided above 
the pilot to eliminate backlash. 

Speed control is exercised, either manually or 
remotely, by moving one end of a horizontal adding 
lever which controls the secondary relay. The other 
end of this lever is positioned by the primary-relay 
output lever via a spring link, provided to enable the 
starting gear to exercise overriding control of the 
secondary relay in preference to the primary relay. 


THE ACCELERATION SENSITIVE DEVICE. 

As shown in fig. 2, the operation of the acceleration 
sensitive device is initiated by an auxiliary drain 
located in the lower end of the primary-relay power 
piston. This drain is kept closed by the governor pilot 
during normal changes of load or speed, when the 
relative movement between pilot and piston is very 
small. 

In the event of excessive acceleration (about 5°, per 
second of normal speed) the governor-controlled 
pilot moves rapidly downwards by a greater amount 
than the piston, thereby uncovering the auxiliary 
drain ports. This results in an appreciable fall of 
relay pressure in the supply pipe between the orifice 
and the primary relay and causes a pressure switch to 
open the acceleration sensitive power piston cylinder 
to drain. The spring-loaded piston promptly rises, 
pivoting the floating lever about its central fulcrum and 
closing the H.P. and interceptor valves. 

When the excessive acceleration ceases the auxiliary 
drain ports are again covered, re-establishing full relay 
oil pressure in the supply pipe between the orifice and 
the primary relay. The pressure switch then re-admits 
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oil to the power piston, removing acceleration control 
of the governing system. 


RAPID-CLOSING PILOT VALVES. 

The pilot valves of the H.P. emergency valves, 
throttle valves and I.P. interceptor valves are all 
designed to close rapidly. When full relay oil pressure 
is established in the space between the inner spindle 
and outer bobbin of the pilot valve, the spring is com- 
pressed and the two components move as one over the 
full range of normal movement. A quite separate 
route is used to supply the power piston. 

In the event of loss of relay oil pressure, as would 
occur if the machine were tripped, the spring extends, 
moving the bobbin quickly downwards and opening 
the power piston cylinder to drain. This arrangement 
enables the final relays to close very rapidly, inde- 
pendently of the primary and secondary relays. A 
similar device 1s also used on the reheat emergency 
valves 


EMERGENCY PROTECTION. 
TRIPPING DEVICES 

Operation of any one of the tripping devices (fig. 4), 
initiates the rapid closing of all the steam admission 
valves and the disconnexion of the alternator from the 
bars. The tripping devices are all connected to a 
common hydraulic circuit which is fed via an orifice 
from the relay system upstream of the main oil release 
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valves, so that the primary tripping circuit is opened 
to drain in any of the following circumstances: 

a) A rise in turbine speed to 10°,, above normal 

b) Energizing of the solenoid trip by the alternator 

protection circuits. The solenoid trip can also be 
operated remotely by pushbuttons. 

c) Reduction of the condenser vacuum to 20 in. Hg. 
The vacuum unloading gear will have reduced 
the steam flow to 10°,, of full load before this. 
Excessive wear or failure of the thrust bearing 
Here a double-orifice device is used to produce 
a local fall in oil pressure to initiate tripping. 
Movement of the turbine rotor away from the 
nozzle increases its discharge area and results in 
a fall of pressure downstream of the fixed 
orifice. 

e) Operation of the hand trip mounted on the face 

of the governor bearing pedestal. 

Loss of pressure in the primary tripping circuit 
permits the main oil release valves to lift, 
thereby draining the entire relay system down- 
stream of these valves. 

The main oil release valves cannot be reset immedi- 
ately by the elimination of a fault and subsequent 
closure of the tripping device drain, since the primary 
tripping circuit remains open to drain through ports 
23 and 28. These additional ports are provided to 
prevent relay oil pressure being re-established before 
the starting gear handwheel has been turned back to 
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Fig. 4.—Diagram of tripping devices 
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Fig. 5.—On-load testing arrangements for emergency governor bolts. 


the ‘steam admission valves fully-closed’ position. 
Until this is done, the oil release valves resetting lc\ ers, 
which are mechanically interlocked with the starting 
gear, cannot be rotated by the resetting cylinder to 
depress bobbins V, and V,. This ensures that all the 
turbine controls are correctly positioned for a normal 
Start. 


UNLOADING GEARS 

The starting gear overriding lever system (which will 
extend the spring link) is also connected to the un- 
loading gears. By this means, the steam admission 
valves are closed to 10°, of the full-open position in the 
event of a serious loss of vacuum or an appreciable fall 
in boiler pressure. Reavell Askania regulators control 
the unloading gear and the vacuum unloading is 
arranged to be reset manually. 


TESTING THE EMERGENCY OVERSPEED GOVERNORS ON LOAD. 

Each overspeed bolt has its own tripping lever, catch, 
and primary oil release valve, capable of draining the 
primary tripping circuit and opening the main oil 
release valves should the turbine speed rise to 3300 
rev min (fig. 5). 





The action of the bolts and the primary oil release 
valves can be checked while on load, and provision is 
made for doing this by the incorporation of a number 
of additional hydraulic circuits, fed from the relay 
system. Oil passages in the emergency governor body 
enable oil to be introduced behind the bolt during 
normal running to force it out and strike the tripping 
lever. 

For carrying out the tests, an oil injection head, 
co-axial with the H.P. turbine shaft, is moved hydrau- 
lically into contact with the end of the emergency 
governor body, thereby connecting both bolts to the 
control head. Before a bolt can be tested, its associated 
primary oil release valve must be isolated from the 
primary tripping circuit by covering its drain ports 
with a blanking piston, otherwise the main oil release 
valves would open and trip the machine. 

Mechanical interlocks are provided on the control 
head to ensure that one bolt only at a time can be 
tested, while the other bolt maintains the necessary 
overspeed protection. It will be noted that the emer- 
gency governor primary trip pilot is reset from the 
on-load test control head. The main oil release 
valves are arranged for full on-load testing. 
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ABSTRACT. 

HE novel form of analogue computer described was designed to integrate the solid angle subtended by a body or 
target, in this case an aircraft model of 1/72 scale, at any distance and inany attitude between the equivalent 
maximum range of 200 ft, t.e., 33:3 in., and a minimum approach distance of the equivalent of 10 ft, 1.e., 1-7 in. 

By means of an appropriate optical system, a very narrow beam of light from a special high-intensity light source 
is projected via a system of rotating mirrors. This light beam is directed to scan a spiral path of constant pitch, from 
135 to the pole of the system. Thus the surface of an imaginary sphere, having a radius of 33-3 in., may be considered 
to be scanned by a‘ flying spot’. 

The apparatus 1s operated in a darkened room with black walls and the target ts painted white or coated with a 
glass-beaded * cats-eye’ like surface and is appropriately positioned by a specially designed goniometer. When the 
beam of light is incident on the target, reflected light is collected onto a photomultiplier by an optical system concentric 
with the projection system. The photoelectric signal is amplified and shaped after which it passes to an electronic gate 
which controls an independently generated train of signals proportional to solid angle. This train of signals is generated 
by a photoelectric system which scans the surface of a polished aluminium sphere rotated in synchronism with the flying 
spot. The sphere carries indentations in the form of small inverted square pyramids equally spaced on a spiral path 
covering the whole sphere. A second gating system in series with the first limits the counting of solid-angle signals to 
areas falling within manually selected zonal limits (, and 0, within the angular range 0-0 to 0135. 

By means of the optical solid angle computer (OSAC), the solid angle subtended by targets equivalent to 300 ft* 


in area, at a range equivalent to 200 ft, can be measured to an accuracy of the order of | or 2°... 


The cycle time for 


the complete scan of the imaginary sphere within which the model or models will be positioned is about | minute. 
If, however, the scan is restricted to a small angular zone the scan time is proportionally less. 


INTRODUCTION, 

In 1952 a requirement arose from the Armament 
Research and Development Establishment (ARDE), 
Fort Halstead, for a device which would indicate 
quickly the solid angle subtended (at a point) by air- 
craft and other solids of irregular shape in any attitude 
within adjustable zonal limits. Previously, integrated 
solid angles of such targets had been determined from 
shadows of scale models cast on a plane surface by a 
small high-intensity lamp approximating to a point 
source. The areas of these shadows were planimetered 
and after appropriate corrections, were used to 
determine the solid angle subtended by the model. 
This shadowgraph method was slow and cumbersome 
for handling the determinations of solid angle which 
were required in increasing numbers, and therefore, 
a new technique was sought which would give results 
to a higher accuracy at a greater speed. 

ARDE submitted a provisional specification which 
required the determination of solid angles subtended 
by 1,72 scale models at radial distances up to 33-3 in., 
equivalent to 200 ft at full scale; the measurements to 
be made within a permissible error of » 1°., of the 
true value in a period of one minute or less. 


OSAC EXPERIMENTAL SYSTEM. 

After extended feasibility studies, an experimental 
system was developed which gave promise of mecting 
the ARDE requirements. On this basis, an apparatus 
was designed and constructed at the G.E.C. Research 
Laboratories, where later it was subjected to proving 
trials before delivery and installation at ARDE Fort 
Halstead. 

In this solution of the problem, there are two 
fundamental processes: 

(1) To detect and scan the target. 

(#) To count units of solid angle during the periods 

of scanning. 

In the final design of the equipment, which is 
operated in a darkened room, detection of the target is 
achieved by directing a narrow beam of light from a 
special high-intensity light source so that it scans the 
required zone. The effective zone over which the 
summation of solid angle units is carried out is con- 
trolled manually by setting two programming dials. 
When the narrow beam of light falls on the model 
target, the surface of which is whitened or beaded, 
light is preferentially reflected back through an optical 
system to a photomultiplier, the signal from which 
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opens an electronic gate. When this electronic gate is 
opened, pulses proportional to the solid angle being 


scanned, which are produced by a special form of 


signal generator synchronized with the flying spot, are 
passed to an electronic counter which summates these 
pulses. Parts of the target or targets which lie outside 
the selected angular zones are disregarded by the 
counting mechanism during the summation of the 
units of solid angle. The total integrated solid angle is 
displayed in numerical form on an electronic decade 
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forms part of the complete computer. Fig. 3 shows the 
computer installed at ARDE; a target mounted on the 
goniometer motioning device is set up for the measure- 
ment of solid angle by the computer. Fig. 4 shows the 
console in the control room and the analogue computer 
in the adjoining room, seen through the observation 
window. The turntable on which the OSAC machine 
is mounted (fig. 3),and the target motioning equipment 
and console (fig. 4,) were designed and constructed by 
The Mollart Engineering Company with whom the 
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Fig. |.—Schematic flow diagram of analogue optical solid-angle computer. 


counter. Calibration of this OSAC device is con- 
veniently performed by a substitution method. For 
this purpose, a series of reference targets of known 
solid-angle subtense are set up at known distances and 
scanned appropriately. From the solid-angle counts 
so determined, an instrument constant is derived which 
is subsequently used as a calibration factor when 
determining the solid angle subtended by aircraft and 
other model targets. 


DESIGN OF OSAC. 

The block diagram in fig. 1 indicates the main 
elements of the OSAC computer, and shows the 
direction and the flow control of the generated signals. 
Fig. 2 is a sectional view of the OSAC machine which 
includes the signal generator of special design and 


the G.E.C. Research Laboratories co-operated. Con- 
trol equipment for OSAC was supplied by the Re- 
search Laboratories and fitted into the console con- 
structed by Evershed & Vignoles Ltd. 

By reference to fig. 2, it will be seen that an optical 
system is incorporated which projects a very narrow 
beam of light from a high-pressure mercury light 
source (A). The narrow beam of light is projected 
through the rotating domed head (B) of the machine, 
so that the light spot scans a spiral path. The rotating 
head of the instrument will subsequently be referred 
to as the ‘ turret head optical scanner’. This scanner 
is situated at the origin of the co-ordinate system to 
which the position of the target is referred. The 
scanning head rotates about a vertical axis and carries 
a mirror which revolves about a horizontal axis. By 
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Fig. 2.—Schematic sectional view of OSAC scanner with solid- 
angle signal generator and programming control mechanism. 


High-pressure mercury light source. E. Graduated programming discs. 


Rotating turret head. F. Mirror ring. 
Revolving mirror. G. Sphere scanning head. 


Solid-angle signal generator. H. Sphere scanning turntable. 
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Fig. 3.—Analogue solid-angle computer set up for operation with 


target mounted on goniometer motioning device. 


the combination of these motions the beam of light is 
directed to scan a spiral path of constant pitch from 
135° to the pole of the system. Thus the surface of an 
imaginary sphere at the radius of the target is scanned 
by a flying spot. 

The OSAC instrument is designed for operation in a 
darkened room with matt black walls so that when the 
flying spot is not incident on a target, no appreciable 
amount of light is reflected back. When, however, the 
beam of light is incident on a whitened target, reflected 
light is collected by an optical system, as shown in fig. 5, 
concentric with the projection system which provides 
the outgoing beam of light. This light-collecting 
optical system focuses the light on to a photomultiplier, 
PM1. This produces an electronic signal which is 
amplified and used to open an electronic gate through 
which independently generated signals are passed. 
These independent signals are produced by a sphere 
signal generator D (fig. 2), and are electrical pulses 
each of which represents a small unit of solid angle. 
Thus, the electronic gate is opened only when light 
from the turret head is incident on the target and 
reflected to the photomultiplier PM1. Pulses which 
are proportional in number to the solid angle sub- 
tended by the target are then passed to and registered 
by the electronic counter. 

As indicated in the previous paragraph, the function 
of the signal generator D is to provide a train of pulses 
each of which represents a unit of solid angle. These 
pulses are generated by projecting a focused spot of 
light on to the polished aluminium sphere, the surface 
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Fig. 4.—Analogue computer installation complete with control table. 
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of which has been indented on a spiral path with 
equally spaced indentations of inverted pyramid form. 
The optical system used for this purpose (fig. 6) is 
quite separate from that associated with the turret head; 
it projects light via the stationary mirror which is in 
the form of an annulus, on to the sphere at an angle 
of approximately 45° to a tangent to the sphere at any 
one position. When this focused spot of light is 
incident on the polished surface of the sphere, light is 
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turret head revolution is proportional to the cosine of 
the angle formed between the beam of light at any 
position and the polar axis of the system. Thus, because 
the optical system which scans the sphere of the signal 
generator moves in synchronism with the scanning 
beam from the turret head, the frequency of the 
pulses generated obeys the cosine law. 

The selection of angular zones within which 
measurement is to be made is achieved by manual 
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Fig. 5.—Turret projector and receptor optics. 


reflected back to the photomultiplier through the 
receptor system PM2 (fig. 6). When, however, the 
spot of light falls on an indentation, very little light is 
reflected back. Consequently, as the sphere rotates, an 
interrupted light signal is received by the photo- 
multiplier PM2, and an a.c. signal is thus generated. 
The frequency of the signal is dependent on the 
number of indentations on the sphere, and this has 
been chosen to comply with the accuracy requirements 
which were that the error of the determination of the 
solid angle of the target of 300 ft? at a range of 200 ft 
should not exceed +1°%,. The pulses produced by 
this sphere signal generator will, therefore, be seen to 
be proportional to solid angle. 

As indicated earlier, the sphere signal generator is 
rotated in synchronism with the turret head which 
revolves at constant angular velocity. Thus the solid 
angle swept by the outgoing narrow beam of light per 


adjustment of two graduated programming discs (£, 
fig. 2). These discs have annular slots over an angle of 
135°. Control of the active angular zone of the com- 
puter is determined by the overlap of the slots which 
allows a light beam to pass between a third optical 
projector OP3 and a photomultiplier PM3 as shown in 
the system of the programming device (fig. 7). The 
signal from the photomultiplier is amplified and 
shaped to provide ‘ run’ and ‘ stop’ pulses to control 
the electronic counter. 


MECHANICAL AND OPTICAL CONSTRUCTION. 
The OSAC machine is robustly constructed in a 
light-alloy cast body which has been stabilized against 
distortion from residual stress in order to maintain the 
precise alignment of the optical-mechanical system. 
The machine is mounted on rollers in bearers which 
permit tilting of the machine by +30 about the 
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vertical axis. This is to enable solid-angle measure- 
ments to be made in directions equivalent to those 
which arise in the special attitudes of the model air- 
craft. The complete assembly of the OSAC machine 
and tilting track, is mounted on a turntable unit 
arranged to be rotated sympathetically with the target 
to be measured. This enables measurements of solid 
angle to be carried out at all positions around the 
aircraft. 


horizontal rotation of the scanning mirror is provided 
by internal spur gearing and a small worm reduction 
gear. 


TURRET HEAD OPTICAL SCANNER. 

The function of the turret head is to control the 
traverse of a beam of light which traces an archi- 
medean spiral over 270° of a spherical space of which 
the turret head is the centre. The light source used in 
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Fig. 6.—Solid-angle pulse generator optics. 


MECHANICAL POWER DRIVES. 

A 3 h.p. 3-phase induction motor provides the 
driving power for the machine. The motor is coupled 
through a centrifugal clutch to ensure a smooth 
engagement to the first motion shaft. From this shaft 
the mechanical drive is distributed by a system of 
roller chains to the individual mechanical elements of 
the machine. The chains, in general, are lightly 
loaded and work under optimum conditions of clean- 
liness and lubrication. 

The sphere shaft is directly coupied to the first 
motion shaft, while the sphere scanning turntable is 
operated through a worm reduction gear. A secondary 
roller chain and a pair of spiral bevel gears drive the 
turret head, within which an additional drive for the 


the optical system of this scanner is a 125 watt com- 
pact-source lamp. The arc in this source is focused on 
to a 0:75 mm dia. aperture which then becomes a 
secondary source at the focus of a small convex 
spherical lens, having a focal length of 200 mm and an 
aperture 2 mm in diameter. This lens is mounted at 
the top of a small tube in the centre of the optical 
system (fig. 5) and the tube contains photometric 
screening to ensure that the outgoing beam is sharply 
defined. The tube also prevents stray light from the 
projected beam being picked up by the concentric 
receptor optical system. To enable the beam of light 
to scan to within 2° of the pole, and also to ensure that 
at all angles the final rotating mirror presents an 
adequate receiving aperture for the light reflecting 
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from the target, two fixed mirrors are included in the 
system. These direct the beam of light first through a 
right angle and then towards the centre of the rotating 
mirror. This mirror, which rotates about a horizontal 
axis, is mounted in bearings in the forked member of 
the head, which rotates rapidly about a vertical axis. 
The two motions of the mirror are coupled by gearing 
so that the beam traces a solid spiral path of constant 
angular pitch. With the optical system described a 
divergent beam is projected having a diameter of 3 mm 
at a radius of 334 in. Light returned from the target is 


= 








Fig. 7.—Optics of programming device. 


collected by the concentric optical system in the turret 
head and finally focused on to the cathode of a type 
27M1 photoelectric multiplier by the collector lens 
shown in fig. 5. The electrical signal is amplified and 
used to gate the signal generated by the sphere. 


SPHERE SIGNAL GENERATOR. 

The function of the signal generator is to produce a 
train of electrical pulses, each of which represents a 
small unit of solid angle. The number and spacing of 
the indentations was chosen to produce a sufficient 
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number and frequency of pulses to ensure the necessary 
resolution accuracy. 

The polished aluminium sphere used for this pur- 
pose is 8°75 in. in diameter and is covered with an 
archimedean spiral of 0-012 inch square indentations of 
inverted pyramid form. These indentations are spaced 
at 0-025 in. centres, and the spiral also has a pitch of 
0-025 in. Thus each indentation is at the centre of a 
square zone subtending a solid angle of 3-2 10° 
steradians at the centre of the sphere. By an optical 
system shown in fig. 6, an image of the filament of a 
2-5 ampere miners’ lamp bulb is focused via a mirror 
ring F (fig. 2) onto the surface of the sphere, and 
arranged to embrace one track width of indentations. 
Light reflected from the polished surface between 
two indentations on the sphere is focused by a convex 
lens onto a 0-010 in. diameter aperture mounted in 
front of the cathode of a type 27M1 photomultiplier. 
The optical system is incorporated in the scanning 
head G shown in fig. 2. This optical head is mounted 
on a turntable H geared to the shaft carrying the 
sphere so that, as the latter rotates, the optical system 
follows the spiral of indentations. As each image of 
an indentation falls on the 0-010 in. diameter aperture 
the resultant reduction in light falling on the cathode 
of the photomultiplier produces an output voltage 
change of about 50 volts. The sphere and the turret 
head are both driven at a speed of 1150 rev min and 
the relative position of the flying spot is arranged to be 
the same as that of the sphere scanning optical head; 
therefore, for each revolution of the turntable from 
135° to 6-0 the flying spot scans the imaginary 
sphere in this range and a train of pulses is produced 
from the sphere signal generator, each one correspond- 
ing to a solid angle of 3-2 « 10 ° steradians, as scanned 
by the flying spot. The signal obtained from the 
flying spot is used to gate these sphere signal pulses, 
thus giving a number of pulses corresponding to the 
solid angle subtended by the target at the turret head. 


PROGRAMMING UNIT 

The programming unit permits the selection of the 
angular range §, to §, within which solid angles of 
targets may be determined between the limiting 
angles of 6,—-0° and 6,—135°. Control is obtained by 
circumferential slots in two stationary discs which are 
independently adjustable in angular position about a 
common axis. The relative positions of knife edges at 
the ends of the slots govern the angular positions of 
cut-off of a beam of light which is projected from a 
source mounted on the sphere scanning turntable. 
When the beam in rotating passes through the slots in 
the discs controlling 6, and 6,, light is returned along 
its own path by reflection from a concave mirror, 
which is mounted on a third disc which rotates with 
the scanning head (fig. 2). Reflected light from the 
concave mirror is received by a_half-rhodiumized 
mirror and deflected onto the cathode of a photo- 
multiplier PM3. The signal thus produced is used to 
control the acceptance of sphere pulses automatically 
by operating the ‘run’ and ‘stop’ controls of the 
electronic counter. The programming unit is con- 





AN ANALOGUE OPTICAL SOLID ANGLE COMPUTER (OSAC) 


structed integrally with the sphere signal generator as 
shown in fig. 2. 

A sleeve is mounted on the sphere scanning shaft and 
held stationary relative to the OSAC case. This sleeve 
carries the two discs controlling 9, and #,. The 
concave mirror, which is adjustable, is attached to the 
third disc which rotates in a plane parallel to the polar 
axis of the OSAC machine and in synchronism with 


ELECTRICAL CONSTRUCTION, 

The amplifiers and gating circuits, and the supply 
and control units are housed in an instrument cabinet 
shown in fig. 3. The starting switchgear for the 
machine is mounted in the control desk (fig. 4). 


AMPLIFIER AND GATING CIRCUITS. 
The head amplifiers on the sphere signal generator, 
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Fig. 8.—Circuit diagram of amplifier and gating unit. 


the angle of latitude 6 of the flying spot. For manual 
setting, all three discs protrude through the OSAC 
cover which provides access to the sphere compart- 
ment. Two index cursors are fitted to the cover, and 
these cursors register with scales engraved on the 
edges of the discs. The scale on the third disc is 
engraved 0 to 360° and indicates the angle & of the 
turret head scanning beam relative to the polar axis of 
the machine. 


the turret head unit and the programming unit 
referred to are each of similar construction. The 
amplifiers employ conventional cathode-followers and 
are designed to match the high impedance of the 
photoelectric multipliers with the low impedance of 
30 feet of screened lead. 

Electrical supplies are fed to the sphere signal 
generator and programming unit through silver tyred 
sliprings. Two silver graphite brushes per ring are 
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employed to ensure minimum ‘ noise’ and low con- 
tact resistance. The slipring assembly is attached to, 
and rotates with, the sphere scanning shaft. 

A diagram of the main amplifiers and gating circuits 
is shown in fig. 8. The signal generated by the photo- 
multiplier PM1 (fig. 5), in the turret head, is amplified 
by a d.c. amplifier, and shaped to give a positive 
square pulse, the width of which corresponds to the 
length of time that the flying spot is incident on the 
target. To compensate for the finite size of this flying 
spot and the sensitivity of the photomultiplier, a small 
adjustment to the width of the pulse can be made by 
means of the gate width control RV2 (fig. 8). This 
enables a small calibration adjustment to be made to 
the solid-angle count by reference to a_ standard 
target. The pulse has an amplitude of about 100 volts 
and is applied to the suppressor grid of the gate valve, 
V 13, fig. 8. This is a Z77 pentode valve with the 
suppressor grid held at a potential about 90 volts 
below that of the cathode, hence no anode current 
flows until the turret head signal arrives to open the 
gate. A 150 p.f. capacitor, C31, connected between the 
suppressor grid and the cathode ensures that the rise 
time of the pulse produced at the anode, when the gate 
closes, is greater than 10 microseconds, thereby pre- 
venting it being recorded by the electronic counter 

The sphere signal amplifier employs two slicing 
circuits using the double triodes V1] and V12 (fig. 8 
which, after differentiation of the resulting square 
wave by C16 and R53 in parallel with the crystal 
diode MR7, convert the approximately sinusoidal 
sphere signals to a train of negative pulses having a rise 
tume of less than one microsecond. After amplification 
by the gate valve, positive pulses with an amplitude of 
approximately 20 volts are produced which may then 
be counted by an electronic counter 

lo operate the ‘run’ and * stop’ controls of the 
electronic counter the programme signal, which is a 
change in voltage level, is used to switch over the static 
position of the d.c. coupled multivibrator V’16 (fig. 8 
In this way, positive pulses having a short rise ume 
and amplitude of 50 volts are produced thus setting 
the counter to record units of solid angle between 6), 
and (),, passed by the gate valve. A ‘ Marconi’ type 
I’. F.922 electronic counter is used; this is mounted in 
the console (fig. 4.) 


SUPPLY AND CONTROL UNITS 
Ihe three photoelectric mulupliers in the head 
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amplifiers are operated from a common H.V. supply. 
A conventional voltage doubling circuit is used, the 
regulation being effected by a Z.77 series valve con- 
trolled by a reference voltage supplied from a Q.S.83 3 
stabilizer valve. The output, which is negative with 
respect to earth, has a maximum of about — 1000 volts 
at 2 mA, and can be varied over a limited range. In 
this case the voltage is adjusted to 900 volts when the 
load current is 1-8 mA. 

In order to avoid stroboscopic effects, the 125 watt 
compact-source lamp, which forms the high brightness 
source for the narrow scanning beam must, in this 
application, be operated on direct current. The supply 
for this lamp is obtained from a motor-generator set 
operating on a 415 volt 3-phase supply and giving an 
output of 100 volts at 3 amp. The lamp is started by 
momentarily depressing the biased switch on the 
control console (fig. 4.) In this position the lamp is 
connected to a 300 volt a.c. supply in series with the 
normal d.c. supply to which the lamp remains con- 
nected after the switch is released. Provision is made 
on the control panel for measuring the lamp current at 
two test terminals which are normally short-circuited 
by a‘ biased on’ switch. By adjustment of a rheostat 
the lamp current can be varied until stable operation is 
achieved at 125 watts. 


RESULTS OF TESTS. 

Tests were made for solid-angle measurement on 
four targets, each mounted at six ranges. The solid 
angles subtended by the targets at these ranges were 
calculated from geometric considerations. Signal 
pulse counts were made on these targets in two con- 
secutive readings and the average of each pair of 
readings was used to assess the respective solid angle. 
The spread of each reading in any pair, from the 
average value of that pair, was, in general, less than 2". 

The employment of a substitutional calibration 
technique and a multiplying factor to correct for 
target edge effects was found desirable when making 
measurements to the highest accuracy, particularly for 
the longer ranges where the solid angle is small. By 
this method most of the errors are reduced to less 
than |”... 
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EFFECT OF ADDITIVES OF LIMITED SOLID SOLL- 
BILITY ON FERROELECTRIC PROPERTIES = OF 
BARIUM TITANATE CERAMICS (757).* 


By P. Baxter, N. J. Hellicar and B. Lewis (Research 
Laboratories). 


The American Ceramic Society Journal, Vol. 42, No. 10, 


pp. 405-470, 1959 


An experimental survey of additives to barium titanate 
shows that in addition to those which are readily soluble in 
the barium titanate lattice (class 1) and those which are 
insoluble (class 2) two other distinct classes of additive, with 
limited solid solubility (classes 3 and 4), can be distinguished 
Class 3 additives give normal ferroelectric properties with 
particularly low clectrical and mechanical losses. 


THE RELATION BETWEEN STRUCTURE AND FERRO- 
ELECTRICITY IN) LEAD BARIUM AND BARIUM 
STRONTIUM NIOBATES (830).* 


By. M. H. Francombe (Research Laboratories). 
Acta Crystallographica, Vol. 13, Part 2, pp. 131-140, February 


1960 


X-ray crystallographic studies have been made of barium 
metaniobate, BaNb,Og, and of the ferroelectric solid solution 
series (P?b,Ba)Nb,O, and (Ba,Sr)Nb,O,. BaNb,O, possesses 
two polymorphic structures—a hexagonal form stable within 
a narrow temperature range below the melting point, 1450 C, 
and an orthorhombic form stable at lower temperatures. The 
single-phase (Pb,Ba)Nb,O, and (Ba,Sr)Nb,O, solid solu- 
tions have structures which, like the ferroelectric phase of 
PbNb,O,, are closely related to that of the tetragonal tungsten 
bronzes, ¢.g. Ko.57,WOsg. 


PHORIA AS A FERTILE COMPONENT FOR A LIQUID 
METAL BREEDER BLANKET (879).* 


By A. Brown and A, Chitty (Research Laboratories). 


Journal of Nuclear Energy—Part B: Reactor Technology, 
Vol. 1, No. 3, pp. 145-152, 1960 


The crystal chemistry and physics of thoria are reviewed 
with emphasis on the properties required to form a stable 
suspension of thoria in liquid bismuth. The variation of the 
density of thoria with temperature has been determined 
accurately over the temperature range 0-1100°C and a 
measurement of the absorbed gas (CO, and CQO) has been 
made It is shown that thoria is intrinsically wetted by 
bismuth provided the thoria surface is free from contamina- 
tion he solution of certain elements in the bismuth is 
shown to cause wetting of thoria produced by decomposition 
of thorium salts, and some elements are shown to reduce 
thoria with subsequent formation of 7/B:,. A suspension of 
thoria in liquid bismuth containing an added clement EF is 
stable if the following relationship 1s satisfied 

\Gox(C AGoxl E A Gox(Al 

The results are discussed in terms of the thermodynamics 

of oxidation reduction processes. 


and papers by members 


associated compamies 


CYCLOTRON RESONANCE AND THE GENERATION 
OF MILLIMETER WAVES (887).* 


By D. T. Swift-Hook and A. Reddish (Research Labo- 
ratories). 


Sympossm on Millimeter Waves, Poalytechme Institute of 
Brooklyn, 31 March, 1 and 2 April, 1959. 


There has been revived interest recently in the use of 
natural ‘ cyclotron’ oscillation of electrons in a magnetic 
field for the amplification and generation of very high fre 
quencies (as in early magnetrons The absence of a slow- 
wave structure makes this particularly attractive for milli- 
meter wavelengths. 

Analysis is presented for a number of geometries, a linear 
magnetron with a gun at one end and a depressed collector 
at the other appearing particularly favourable. The theoretical 
maximum efficiency is 65",,; the frequency is tunable over a 
wide range by variation of the magnetic field and over a few 
per cent by variation of a voltage. Preliminary experimental 
results are described. 


THE EFFECT OF STRAIN ON THE SEFBECK COEFTI- 
CIENT OF a-TYPE GERMANIUM (896).* 


By J. R. Drabble and R. D. Groves (Research Labora- 
tories). 


International Journal of the Physics and Chemistry of Solids, 
Vol. 12, No. 3.4, pp. 285-294, 1960, 


Ihe effect of uniaxial strain on the Seebeck coefficient of 
n-type germanium has been studied in the temperature 
range where phonon-drag effects are important. The changes 
in the Seebeck coefficient were found to be closely correlated 
with the changes in the resistivity under the same conditions. 
Ihe theory of the effect is discussed, and it is shown that the 
measurement of both these changes leads in a fairly direct 
way to an estimate of the anisotropy of the phonon-drag 
part of the Peltier tensor for a single valley. Results are 
presented and analysed for a number of specimens. 
ELLIPTIC WAVEGUIDE WINDOWS: DESIGN OF 
RESONANT TYPES (897).* 


By R. V. Harrowell (Research Laboratories). 
Electrome Technology, Vol. 37, No. 4, pp. 163-166, April, 
1960 

An empirical approach to the problem of designing elliptic 
resonant windows for rectangular waveguide is cescribed; 
it is based on Slater’s treatment of rectangular windows. 
Resonant frequencies are predicted with a maximum error of 
about 4 

A modification to Slater’s equation is introduced to allow 
for the solid dielectric used in most windows. The modifica- 
tion is in the form of a thickness-dependent dielectric function 
to replace the bare dielectric constant in this equation. The 
function is linear over the measured range of thickness 
0-030 to 0-070 in.). An outline of the procedure for designing 
a window is followed by a description of the experimental 
method used. 
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THE DETERMINATION OF BERYLLIUM METAL IN 
AIR (908).* 


By R. J. Powell, P. J. Phennah and J. E. Still (Research 
Laboratories). 


The Analyst, Vol. 85, No. 1010, pp. 347-354, 1960 


Methods are described for the sampling and testing of air 
in a laboratory designed and equipped for work on beryllium 
metal. 

A suitable volume of air is drawn through a filter-paper. 
The paper is destroyed by wet oxidation, and any beryllium 
present is collected by co-precipitation, redissolved and 
determined on a direct-reading spectrograph. 

The method has been shown to be satisfactory over the 
range 0-015 to 50 ug of beryllium. The total time required 
for testing twenty samples is about 4} hours. 


FURTHER THOUGHTS ON STEREOPHONIC SOUND 
SYSTEMS. 

By D. M. Leakey (Research Laboratories). 

Wireless World, Vol. 66, No. 4 and 5, pp. 154-160 and 
238-240, April and May, 1960. 


The author describes some of the results obtained during a 
recent study of stereophonic sound systems. A brief analysis 
of present-day two-channel stereophonic systems is also 
included. 


A PERTURBATION METHOD FOR CIRCULAR WAVE- 
GUIDES CONTAINING FERRITES. 


By P. J. Clarricoats (Applied Electronics Laboratories). 
The Proceedings of the Institution of Electrical Engineers, 
Vol. 106, Part B, No. 27, May, 1959. 

Ihe paper describes a perturbation method which enables 
the propagation coefficient of a circular waveguide, containing 
a longitudinally magnetized ferrite, to be determined over a 
wider range of parameters than hitherto. The method relies 
on the fact that, when a mode, propagating in a circular 
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waveguide containing a longitudinally magnetized ferrite 
rod, 1s circularly polarized on the waveguide axis, the field 
throughout the whole of the ferrite is nearly circularly 
polarized. Theoretical and experimental results: for the 
negative circularly polarized dominant mode are favourably 
compared in the case of a Ferroxcube B2 ferrite 


A STUDY OF THE OPALISING AGENTS IN ANCIENT 
GLASSES THROUGHOUT THREE THOUSAND FOUR 
HUNDRED YEARS. 


By Emeritus Professor W. E. S. Turner (Sheffield, 
England) and H. P. Rooksby (Research Laboratories). 


Glastechmsche Berichte Sonderband: V. Internationaler 


Glaskongress 32 K (1959), pp. VIII 17-28. 


X-ray diffraction methods, supported in a number of cases 
by quantitative chemical analysis, have been applied to 
determine the nature of the opacifying agent in thirty-seven 
specimens of glasses made at varying times over three 
thousand four hundred years. In the twenty-one specimens 
ranging over the 18th and 20th Egyptian dynasties, the 
Assyrian glasses of the 8th to 6th centuries from Nimrud, 
and the Roman period to the third century A.D., the only 
opalising agents brought to light were reduced copper com- 
pounds (Cu,O0, Cu,O~+ Cu, or Cu) in the red or red-brown 
glasses, and compounds of antimony (Ca,5Sb,O07 or, less 
often, CaSb,O,, in the opals, blues and greens, and Pb,S6,O07 
in the opaque yellows). The importance of antimony from 
the earliest known glass-making times down to the early 
Christian centuries is a major discovery of the investigation 
now described. An opal glass medallion of the first century 
A.D. contained antimony expressed as S4,O; to the extent of 
8-8”°., and the opal glass from Dendereh 7:8 


* A limited number of reprints is available of those 
papers marked with an asterisk. Copies may be ob- 
tained on application to the Editor, G.E.C. Journal, 
Magnet House, Kingsway, W.C.2. 








